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1 . IM IB Q m C IlQ N
A lth o u g h  B r a z i l  had been d is c o v e re d  by th e  
P o rtu g u e s e  in  1500 , i t  i s  n o t  u n t i l  th e  1 9 th  c e n tu ry
t h a t  one can t a l k  a b o u t s c ie n c e  and te c h n o lo g y  in  t h a t
c o u n tr y .  Because o f  th e  N apo leon  w ar , th e  P o rtu g u e s e  
r o y a l f a m i ly  moved t o  B r a z i l  in  1808 , t a k in g  w ith  them  
a r t i s t s  , i n t e l l e c t u a l s  and s c i e n t i s t s  . K in g  Joao V I
opened B r a z i l i a n  p o r ts  t o  th e  w o r ld  t r a d e  and l i f t e d  
r e s t r i c t i o n s  on lo c a l  m a n u fa c tu r in g  . A ls o  many 
i n s t i t u t i o n s  o f  s c ie n c e  and te c h n o lo g y  w ere  d e v e lo p e d  . 
As a consequence , B r a z i l  was e le v a te d  fro m  th e  c a te g o ry  
o f  "C o lony" t o  th e  "Kingdom U n ite d  t o  P o r t u g a l" .
D u rin g  th e  2 0 th  c e n tu ry  , many f a c u l t i e s  
w ere  c r e a te d  , s p e c ia l l y  in  th e  S o u th e a s t a r e a  ( R io  de  
J a n e ir o  /  Sao P a u lo  ) , because o f  t h e i r  econom ic and
p o l i t i c a l  power ( 1 )  .
Betw een th e  l a s t  c e n tu ry  end and th e
b e g in n in g  o f  th e  p r e s e n t  c e n tu r y  th o u san d s  o f  im m ig ra n ts  
l i k e  I t a l i a n  , Jap anese , German and P o rtu g u e s e  w ent t o  
B r a z i l  m a in ly  t o  th e  a r e a  o f  c o f fe e  p la n t a t io n  in  
S o u th e a s t , h e lp in g  t o  d e v e lo p  th e  lo c a l  in d u s t r y  . B u t 
a l l  th e  te c h n o lo g y  was f o r e ig n  . A t  t h a t  t im e  , B r a z i l
had o n ly  t h r e e  U n iv e r s i t ie s  , tw o in  th e  S o u th e a s t and 
one in  th e  S o u th  ( 2 ) .
From 1948 , some i n s t i t u t i o n s  w ere  c r e a te d  
w ith  th e  p u rp o se  o f  s c ie n c e  s t im u la t io n  . Such
i n s t i t u t i o n s  l i k e  "The N a t io n a l C o u n c il f o r  S c ie n c e  and  
T e c h n o lo g y  D eve lo p m en t" (CnPq) o r  "The C o u n c il to  Im p ro ve  
th e  T r a in in g  o f  U n iv e r s i t y  T e a c h e rs "  (CAPES) c o u ld  
p r o v id e  g r a n ts  t o  in d iv id u a ls  f o r  re s e a rc h  and f o r  
f e l lo w s h ip  ( 1 )  .
In  1956 , th e  B r a z i l i a n  P r e s id e n t
K u b its c h e c k  la u n ch ed  h is  a d m in is t r a t io n  a im in g  a t  " f i f t y  
y e a rs  o f  d e v e lo p m e n t in  f i v e "  . He fa v o u re d  p r iv a t e
in v e s tm e n t and opened B r a z i l  t o  f o r e ig n  p e n e t r a t io n  by 
t r a n s n a t io n a l  c o r p o ra t io n s  , th ro u g h  o f f e r s  o f  ta x  
in c e n t iv e s  and e as y  p r o f i t  re m is s io n  . H o w ever, in  p a r t  
due t o  th e  m ass ive  s t a t e  sp en d in g  on th e  c o n s tr u c t io n  o f  
B r a s i l i a  and th e  road  system  , and in  p a r t  t o  th e  n e g le c t  
o f  a g r i c u l t u r e  , i n f l a t i o n  had r is e n  by 1961 t o  a lm o s t  
50% p e r  y e a r  ( 3 ) .  A s u c c e s s io n  c r i s i s  fo l lo w e d  , w ith  th e  
em ergence o f  new fo rm s o f  p o p u la r  and w o rk e r  o r g a n iz a t io n  
such as  “P e a s a n t ’ s League" in  th e  N o r th e a s t  . In  respo nse  
, th e  g e n e r a ls  to o k  o v e r  th e  pow er and a New Regim e was 
i n s t a l l e d  ( 3 ) .
The "boom" known as th e  B r a z i l i a n  
"econom ic m ir a c le "  s t a r t e d  in  1968 . The governm ent
s u b s id is e d  th e  p u rch ase  o f  fa rm  m a c h in e ry  and th e  
a g r i c u l t u r a l  s e c to r  became a le a d in g  consum er o f
i n d u s t r i a l  p ro d u c ts  and e x p o r t  e a r n e r .  B u t th e
im p o r ta t io n  o f  te c h n o lo g y  made n a t io n a l  te c h n o lo g y  an
u n im p o r ta n t  m a t te r .
The B r a z i l i a n  economy , more th a n  any
o th e r  e p ito m iz e d  th e  o i l  age . The c o u n tr y ’ s e n t i r e  
i n d u s t r i a l  and t r a n s p o r t  i n f r a s t r u c t u r e  had been
d e v e lo p e d  on th e  assu m p tio n  o f  cheap  p e tro le u m  . W ith  th e  
t r i p l i n g  o f  o i l  p r ic e s  in  1974 , th e  in c re a s e d  b i l l  f o r  
f u e l  im p o rts  , c o u p le d  w ith  th e  e f f e c t s  o f  re c e s s io n  in  
a l l  th e  m a jo r W estern  econom ies , p u t  p a id  t o  t h i s  r a p id■ :■!
e x p a n s io n  ( 3 ) .
In  1975 , B r a z i l  d e v e lo p e d  th e  " N a t io n a l
A lc o h o l Program " -  PROALCOOL , w ith  th e  a im  o f
s u b s t i t u t io n  o f  g a s o lin e  and p e tro c h e m ic a ls  by a lc o h o l .  
The use o f  e th a n o l as a f u e l  in  in t e r n a l  co m b u stio n
e n g in e s  is  t e c h n ic a l l y  f e a s i b l e  : a lth o u g h  e th a n o l has a 
c a l o r i c  c o n te n t  t h a t  i s  lo w e r  th a n  p e t r o l  , when i t  i s  
burned  in  a p r o p e r ly  d e s ig n e d  e n g in e  i t  d e l i v e r s  more 
pow er th a n  p e t r o l .  F u rth e rm o re  , th e  amount o f  p o l lu t a n t s
e m it te d  is  lo w e r ( 4 ) .  And a ls o ,  b e in g  a t r o p ic a l  c o u n tr y ,  
B r a z i l  has a  v a r i e t y  o f  m ic ro o rg a n is m s  t h a t  c o u ld  be 
s tu d ie d  a im in g  t o  an im p ro vem ent in  e th a n o l p ro d u c t io n  
and o t h e r  p u rp o s e s .
In  r e c e n t  y e a rs  n o v e l d ev e lo p m en t in  th e  
a b i l i t y  t o  s e le c t  and m a n ip u la te  m ic ro o rg a n is m s  and t h e i r  
g e n e t ic  m a te r ia l  have le d  t o  an u n p re c e d e n te d  i n t e r e s t  in  
t h e i r  i n d u s t r ia l  u s e .
By d e f i n i t i o n  , m ic ro b io lo g y  i s  th e  s tu d y  
o f  m ic ro o rg a n is m s . B u t i t  i s  im p o r ta n t  t o  re c o g n iz e  t h a t  
m ic ro o rg a n is m s  a re  v e ry  h e te ro g e n e o u s  . And a ls o  , 
com pared w ith  th e  v a s t  number o f  known s p e c ie s  , th e  
number o f  o rg an ism s  t h a t  have been used c o m m e rc ia lly  i s  
e x tr e m e ly  s m a l l .  The p a r t i c ip a t i o n  o f  m ic r o b ia l  
p h y s io lo g is t s  , b io c h e m is ts  and g e n e t ic is t s  is  r e q u ir e d  
t o  f u r t h e r  e x p l o i t  th e  p o t e n t ia l  o f  b o th  known and n ew ly  
d is c o v e re d  o rg a n is m s .
The a b i l i t y  o f  m ic ro o rg a n is m s  t o  m o d u la te  
t h e i r  c e l l  s t r u c t u r e  , c h e m is try  and f u n c t io n  is  
re m a rk a b le  . M ic r o b ia l  p h y s io lo g y  is  co n cern ed  w ith  th e  
s tu d y  o f  th e  i n t e r a c t io n  betw een an o rg a n is m  and i t s  
e n v iro n m e n t and more p a r t i c u l a r l y  w ith  a t te m p ts  t o  
u n ra v e l th e  r e la t io n s h ip  betw een m e ta b o lic  c a p a b i l i t y  and 
changes in  th e  e n v iro n m e n t in  w hich  th e  o rg a n is m  e x i s t s .
A f t e r  th e  r e a l i z a t i o n  o f  " 1 s t  S em in ar on 
E n ergy fro m  Biom ass in  th e  N o r th e a s t  " in  1978 , th e
b a s is  f o r  th e  e s ta b lis h m e n t  o f  a biom ass program  was 
d e l in e a t e d  in  B r a z i l  ( 6 ) .
A lth o u g h  s t r u g g l in g  w ith  th e  h ig h e s t  
f o r e ig n  d e b t th e  w o r ld  has e v e r  known , B r a z i l  governm ent 
has in v e s te d  money in  th e  u n i v e r s i t i e s  w ith  th e  p u rp o se  
o f  d e v e lo p in g  a " B r a z i l i a n  te c h n o lo g y "  , e x p lo r in g  th e  
n a t u r a l  re s o u rc e s  and m aking th e  b e s t use o f  them . I t  i s  
w it h in  t h i s  c o n te x t  t h a t  a biom ass p rogram  p r e s e n ts  
i t s e l f  as one o f  th e  b e s t  s t r a t e g ie s  f o r  d e v e lo p m e n t
The Biom ass C o n v e rs io n  Program  (PROALCOOL) 
and s p e c ia l  g r a n ts  f o r  B io te c h n o lo g y  re s e a rc h e s  have  
p ro v id e d  an o p p o r tu n ity  f o r  s c i e n t i s t  and te c h n o lo g is ts  
t o  a c q u ir e  s k i l l s  i n  th e  s u b je c t  , w ith  th e  aim  o f  
d e v e lo p in g  a te c h n o lo g y  a p p r o p r ia te d  t o  th e  B r a z i l i a n  
r e a l i t y .
In  th e  p re s e n t  re s e a rc h  we in te n d  t o  s tu d y  
th e  k i n e t i c s  o f  g e n e t i c a l l y  e n g in e e re d  y e a s ts  under  
c h e m o s ta t ic  c u l t u r e  c o n d it io n s  . The s k i l l s  a c q u ire d  w ith  
such a  s tu d y  c o u ld  be a p p l ie d  t o  o th e r  m ic ro o rg a n is m s  and 
o th e r  p ro b lem s  in  B r a z i l  .
These s tu d ie s  w i l l  in v o lv e  th e  use o f  a  
m ic r o p r o c e s s o r -c o n t r o l le d  b io r e a c t o r  , b u i ld  in  th e  
B io c h e m is try  D e p a rtm e n t o f  th e  U n iv e r s i t y  o f  S t.A n d re w s  
by Lim a F i lh o  ( 6 ) .  T h is  c o n t r o l l e r  was d e s ig n e d  u s in g  Z 
-  80 c h ip  te c h n o lo g y . Z -8 0  te c h n o lo g y  c h ip s  a r e  f r e e l y  
a v a i l a b l e  a t  re a s o n a b le  c o s t  in  B r a z i l .
The m ic ro o rg a n is m  chosen f o r  t h i s  p r o je c t  
was th e  b a k e r ’ s y e a s t  S accharom yces c e r e v i s i a e  . M ost o f  
t h e  n i t r o g e n  r e q u ir e d  f o r  i t s  g ro w th  in  la r g e  s c a le  is  
u s u a l ly  s u p p lie d  as added ammonia . C o n s e q u e n tly  , th e  
p ath w ays  o f  ammonia a s s im i la t io n  a r e  o f  g r e a t  im p o rta n c e  
in  th e  p ro d u c t io n  o f  y e a s t  b io m ass . A lth o u g h  th e  enzymes  
o f  th e  pathw ays and some o f  th e  f a c t o r s  a f f e c t i n g  t h e i r  
r e g u la t io n  have been d e te rm in e d  , t h e r e  a r e  s t i l l  
c o n s id e r a b le  gaps in  o u r k n o w led g e , e . g .  w h ich  pathw ay is
p h y s io lo g ic a l l y  more im p o r ta n t  u n d er d i f f e r e n t  g ro w th  
c o n d i t io n s .  Our proposed  re s e a rc h  programme aim s t o  s tu d y  
th e  e f f e c t  o f  a GOGAT" m u ta t io n  on th e  g row th  
c h a r a c t e r i s t i c s  o f  Saccharom yces c e r e v i s i a e  in  o r d e r  to  
im p ro ve  o u r  u n d e rs ta n d in g  o f  th e  p h y s io lo g y  o f  ammonia 
a s s im i la t i o n .
1 .2  A SUMMARY OF THE NITROGEN METABOLISM IN
S . c e r e v i s i a e
S . c e r e v i s i a e  i s  a b le  t o  u s e , as  n i t r o g e n  
s o u rc e , a  v a r i e t y  o f  am ino a c id s  , u r a c i l  and p u r in e  
d e r i v a t i v e s  , u re a  and ammonia . However , o n ly  a l im i t e d  
num ber o f  th e s e  compounds and t h e i r  m e ta b o lic  f a t e s  have  
been s tu d ie d  .
The pathw ays o f  n i t r o g e n  c a ta b o lis m  may be 
c o n v e n ie n t ly  d iv id e d  on th e  b a s is  o f  t h e i r  end p ro d u c ts  . 
Some sys tem s , l i k e  th o s e  d e g ra d in g  a l l a n t o i n  , u re a  o r  
a s p a r a g in e  , g e n e ra te  ammonia as  th e  f i n a l  p r o d u c t .  Then 
, a r o u te  i s  r e q u ir e d  t o  c o n v e r t  ammonia t o  g lu ta m a te  , 
s in c e  th e  p r im a ry  p ro d u c ts  o f  ammonia a s s im i la t io n  by 
S. c e r e v i s i a e  a r e  L -g lu ta m a te  and L -g lu ta m in e .  O th e r  
s ys te m s  , l i k e  p r o l in e  and a r g in in e  m e ta b o lis m  , g e n e ra te  
g lu ta m a te  d i r e c t l y  . These f a c t s  em p h as ize  th e  c e n t r a l
p o s i t io n  o f  ammonia and g lu ta m a te  a t  th e  in t e r f a c e  
b etw een  n i t r o g e n  c a t a b o l ic  and a n a b o l ic  r e a c t io n s  .
1 . 2 . 1  G lu ta m a te  as end p ro d u c t
1 . 2 . 1 . 1  P r o l in e  d e g ra d a t io n
P r o l in e  is  d eg ra d ed  in  r e a c t io n s  w h ich  a re  
j u s t  th e  re v e rs e  o f  i t s  s y n th e s is  a lth o u g h  c a ta ly s e d  by 
d i f f e r e n t  enzymes . The f i r s t  r e a c t io n  is  th e  o x id a t io n  
o f  p r o l in e  , c a ta ly s e d  by th e  P r o l in e  o x id a s e  , fo l lo w e d  
by h y d r a t io n  . The P y r r o l in e - 5 -c a r b o x y l a t e  d eh yd ro g en ase  
c a t a ly s e s  th e  tw o f i n a l  s te p s  ( 7 ) .
NADP NADPH Hz 0 NADP NADPH
L - P r o l in e ^  P y r r o l  i ne i '  ^ G1 u ta m a te \  % G lu ta m v l
5 - c a r b o x y la te  s e m ia ld e h y d e  p h o sp h ate
P ro  7 in e  P5C
o x id a s e  d eh ydrogen ase
G lu ta m a te
I t  has been shown t h a t  th e  p ro d u c t io n  o f  
P r o l in e  o x id a s e  and P5C d eh yd ro g en ase  is  in d u c ib le  by 
p r o l in e  . A ls o  , a d d i t io n  o f  a r g in in e  and o r n i t h in e  to  
th e  c u l t u r e  r e s u l t  in  p a r t i a l  in d u c t io n  o f  P r o l in e
8a p p e a r to  be r e p r e s s ib le  by g ro w th  in  th e  p re s e n c e  o f  
r e a d i l y  used n i t r o g e n  s o u rc e s  . However i t  seems t h a t  th e  
t r a n s p o r t  system  is  d ep re s s e d  in  c e l l s  g ro w in g  in  m in im a l 
ammonia medium ( 9 ) .
1 « 2 . 1 .2 A,r!g„i.n..i-ne......de.9..E.Sid,6iit.,i..oD
The p ro d u c ts  o f  a r g in in e  d e g ra d a t io n  by 
A rg in a s e  have been i d e n t i f i e d  as o r n i t h in e  and u re a  ( 1 0 ) .
A rg in a s e  has a pH optim um  o f  8 .5  -  9 .0  and a  Km o f  5 -  7 
mM f o r  a r g in in e  . I t  i s  a t r i m e r i c  enzyme o f  39 kD ( 1 1 )  .
The o r n i t h in e  form ed is  c o n v e r te d  t o  g lu ta m a te  
s e m ia ld e h y d e  by th e  O r n it h in e  tra n s a m in a s e  . I t  has been  
shown t h a t  p r o l in e  i s  an e s s e n t ia l  in te r m e d ia te  in  th e  
a r g in in e  d e g r a d a t io n .  The g lu ta m a te  semi a ld e h y d e  fo rm ed  
i s  c o n v e r te d  t o  p r o l in e  v i a  P5C re d u c ta s e  in  a  
b io s y n t h e t ic  r e a c t io n  in  th e  c y to s o l ( 1 2 )  . S . c e r e v i s i a e  4
does n o t  c o n ta in  u re a s e  a c t i v i t y  t o  d e g ra d e  u re a  t o  ^
ammonia , h o w ever, an a l t e r n a t i v e  mode o f  u re a
d e g ra d a t io n  in  C h lo r e lT a  , C an d id a  u t i l  i s  ( 1 3 )  and
S . c e r e v i s i a e  has been r e p o r te d  ( 1 4 )  . T h is  d e g r a d a t iv e
r e a c t io n  i s  c a ta ly s e d  by tw o  enzym es : C a rb o x y la s e  ,
w h ich  r e q u ir e s  Mg++ and K++ , and A l lo p h a n a te  h y d ro la s e  .
C a rb o x y la s e
U re a  + ATP + HCO3 _____________ :^A1 lo p h a n a te  + ADP + P i
Mg++ , K+ + ^
A 7 lo p h a n a te  h y d ro 7 a s e  
A 11 o p h a n a te  ____________________________^ 2  CO2 + 2 NHa
A rg in a s e  and O r n i t h in e  tra n s a m in a s e  have  
been r e p o r te d  t o  be c y t o s o l ic  enzym es ( 1 5 )  . On th e  o th e r  
hand , P r o l in e  o x id a s e  i s  p o s tu la te d  t o  be a c t iv e  o n ly  in  
th e  p re s e n c e  o f  a f u n c t io n a l  e le c t r o n  t r a n s p o r t  system  . 
A ls o  P5C d eh yd ro g en ase  is  a m ito c h o n d r ia l  enzyme ( 8 )  . 
I t  a p p e a rs  t h a t  p r o l in e  is  s y n th e s iz e d  fro m  g lu ta m a te  o r  
o r n i t h in e  in  th e  c y to s o l and i s  d eg rad ed  e x c lu s iv e ly  in  
th e  m ito c h o n d r ia  .
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P r o t e in
S y n th e s is 2 - o x o g lu t .
Î A r g in a s e
A r g in in e  + H2 O _________ ^ O r n i t h in e
U rea
C a rb o x y la s e
ATP
HCO3
A 7 lo p h a n a te  
h y d r o la s e
. ADP 
Pi
A 1 lo p h a n a te
G lu ta m a te
O r n i t h i n e  
Transam.
^  G lu ta m a te  
s e m ia ld e h y d e
S pontaneous
P y r r o l in e  
-  5 - c a r b o x y la te
P5C
re d u c ta s e
H2 O
2 NH3 + 2 CO2 P r o ! in e  
c y to p la s m .
P r o t e in
S y n th e s is
P ro  1in e  
o x id a s eP y r r o l i n e - 5 -  
c a r b o x y la te
P r o l in e
M ito c h o n d r ia l
NADPH NADP
S pontaneous
P5C
deh ydrogen aseG lu ta m a te  
S e m ia ld e h y d e G lu ta m a te
NADP NADPH
MITOCHONDRIA
E n z y m a tic  r e a c t io n s  a s s o c ia te d  w ith  a r g in in e  d e g ra d a t io n  
in  S . c e r e v i s i a e .
VÎ
I
(i
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A l l a n t o in  i s  a  p ro d u c t o f  g u a n in e  and  
a d e n in e  c a ta b o lis m . In  many o rgan ism s , in c lu d e d  
S. c e r e v i s i a e  , i t  can  s e rv e  as a s o le  n i t r o g e n  so u rc e  
( 1 6 )  .
A l l a n t o in  d e g ra d a t io n  system  in v o lv e s  
d i f f e r e n t  e n z y m a tic  s te p s  . F i r s t  , th e  h y d a n to in  r in g  o f  
th e  m o le c u le  is  opened in  a h y d r o ly t ic  r e a c t io n  c a ta ly s e d  
by A l la n t o in a s e  . Then th e  r e a c t io n  p ro d u c t , a l l a n t o a t e  
, i s  d eg ra d ed  in  one m o le c u le  o f  u re a  and one o f  
u r e id o g ly c o l l a t e  by th e  A l la n t o ic a s e  ( 1 7 ) .  The h y d r o ly t ic  
c le a v a g e  o f  u r e id o g ly c o l l a t e  t o  g ly o x y la t e  and a n o th e r  
u re a  m o le c u le  i s  th e n  c a ta ly s e d  by U r e id o g ly c o l la t e  
h y d ro la s e  . The d e g ra d a t io n  o f  u re a  has p r e v io u s ly  been  
d is c u s s e d  (s e e  1 . 2 . 1 . 2 )
1 . 2 . 2 . 2  A^Pai% &91110—d,0.9.I!,Slid.at.XO.fl
I n  some s t r a in s  o f  S. c e r e v i s i a e  th e  
d e g ra d a t io n  o f  a s p a ra g in e  in v o lv e s  one enzyme :
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A s p a ra g in a s e  I  . In  o th e r  s t r a in s  , i t  in v o lv e s  
A s p a ra g in a s e s  I  and I I  ( 1 8 ) .
A s p a ra g in a s e  I  i s  fo u n d  in  th e  c y to s o l , 
and has been r e p o r te d  t o  possess a Km f o r  a s p a ra g in e  o f  
a p p ro x im a te ly  0 . 2 5  mM and a pH optim um  o f  6 .5  . M u ta n ts  
w hich  la c k  th e  gene f o r  A s p a ra g in a s e  I  showed norm al 
l e v e ls  o f  L -g lu ta m in a s e  a c t i v i t y  , s u g g e s t in g  t h a t  
d e g ra d a t io n  o f  g lu ta m in e  i s  in d e p e n d e n t o f  a s p a ra g in e  
c a ta b o lis m  .
A second fo rm  o f  enzyme , c a l l e d  A s p a ra g in a s e  
I I  has been fo u n d  in  some s t r a in s  o f  S . c e r e v i s i a e  , I t  
has been shown t o  be an e x t r a c e l l u l a r  g ly c o p r o te in  , and  
possess a Km o f  a p p ro x im a te ly  0 .2  mM f o r  a s p a ra g in e  ( 1 9 )
The in t e r f a c e  betw een b io s y n th e s is  and 
d e g ra d a t io n  o f  n i t r o g e n  compounds is  r e p re s e n te d  by th e  
in te r c o n v e r s io n  o f  ammonia and g lu ta m a te  . Both  
m e ta b o l i t e s  p a r t i c i p a t e  , a lo n g  w ith  g lu ta m in e  , as  th e  
m a jo r n i t r o g e n  d o n o rs  in  b io s y n t h e t ic  r e a c t io n s  
F u rth e rm o re  , as  g lu ta m a te  can be s y n th e s iz e d  by th e  
a m in a t io n  o f  th e  in te r m e d ia te  o f  th e  t r i c a r b o x y l i c  a c id
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2 -o x o g 1 u ta r a te  , th e  enzymes w h ich  c a t a ly s e  th e  
in te r c o n v e r s io n  o f  ammonia and g lu ta m a te  a r e  a ls o  a t  th e  
carb o n  and n i t r o g e n  in t e r f a c e  . These r e a c t io n s  a r e  
c a ta ly s e d  by tw o G lu ta m a te  deh ydrogen ases  (GDH) e i t h e r  
NADPH o r  NAD d ep en d en t .
H ig h  le v e ls  o f  NAD-GDH ( E . G . 1 . 2 . 4 . 1 . 2 )  
have been r e p o r te d  when c e l l s  w ere  grown on g lu ta m a te  
and low  le v e ls  when ammonia was p ro v id e d  as th e  n it r o g e n  
s o u rc e  ( 2 0 ) .  T h is  prom pted th e  c o n c lu s io n  t h a t  NAD-GDH is  
a c a t a b o l ic  enzyme .
GDH
L -g l  u ta m a te  + NAD ______________^  2 - o x o g lu t .  + NADH + NH4 +
Roon and Even have shown t h a t  NADPH-GDH 
( E . G . 1 . 4 . 1 . 4 )  has m axim al a c t i v i t y  on ammonia , a l l a n t o in  
o r  u re a  (compounds w h ich  d eg rad e  d i r e c t l y  t o  ammonia) as  
th e  n i t r o g e n  s o u rc e  . I t  was co n c lu d e d  t h a t  NADPH-GDH is  
a m e ta b o lic  enzyme .
GDH
NH4+ + NADPH + 2 - o x o g lu t .  ________ ^  L -g l  u ta m a te  + NADP
M u ta n ts  w ith  a l t e r e d  le v e ls  o f  NAD-GDH and  
NADPH-GDH a c t i v i t i e s  have been is o la t e d  ( 2 1 ) ,  ( 2 2 )
M u ta n ts  w h ich  la c k  NADPH-GDH a c t i v i t y  grow v e r y  s lo w ly
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in  m in im a l ammonia medium . G renson e t  a l . ( 2 2 )  s u g g e s te d  
t h a t  th e  a l t e r n a t i v e  pathw ay f o r  ammonia a s s im i la t io n  
d e r iv e d  fro m  th e  o p e r a t io n  o f  N A D -lin k e d  GDH. H ow ever, |
th e  i s o l a t i o n  o f  m u ta n ts  t h a t  o v e rp ro d u c e  NAD-GDH does  
n o t  mean t h a t  o th e r  p o s s i b i l i t i e s  a r e  n o t  p la u s ib le  .
G lu ta m in e  i s  s y n th e s iz e d  fro m  ammonia and |
g lu ta m a te  in  a r e a c t io n  c a ta ly s e d  by A T P -d ep en d en t 
G lu ta m in e  s y n th e ta s e  ( E . G . 6 . 3 . 1 . 2 )  . I t  has been shown ^
t h a t  t h i s  is  th e  s o le  r o u te  f o r  g lu ta m in e  b io s y n th e s is  in
S . c e r e v i s i a e  . A e r o b a c t e r  ae ro g e n e s  grown in  am m onia- 
l im i t e d  c h e m o s ta t c u l t u r e  has i n t r a c e l l u l a r  ammonia 
c o n c e n t r a t io n  le s s  th a n  0 .5  mM , w h ich  is  b e lo w  th e  K# 
f o r  ammonia ( 3 - 4  mM) o f  th e  GDH o f  th e  A. a e ro g e n e s  ( 2 3 ) .
An a l t e r n a t i v e  p ath w ay  f o r  g lu ta m a te  b io s y n th e s is  w ith  a 
low  Km f o r  ammonia s h o u ld  e x i s t  . T h is  a l t e r n a t i v e  
p ath w ay  c o u ld  be a c h ie v e d  by c o u p lin g  th e  G lu ta m in e  
s y n th e ta s e  w ith  a G lu ta m a te  s y n th a s e  -  GOGAT , w h ich  
c a t a ly s e s  th e  t r a n s f e r  o f  th e  am ide group o f  g lu ta m in e  t o  
2 - o x o g lu t a r a t e  , a  r e a c t io n  w h ich  is  NA DPH-dependent f o r  
b a c t e r ia  and N A D -dependent f o r  y e a s t  .
n
...
I
1 s t  r e a c t io n
G lu ta m in e
s y n th e ta s e
L -g lu ta m a te  + ATP + NH4+____________^ L -g 1 u ta m in e  + ADP + P i
2nd r e a c t io n
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1
GOGAT 4
L -g lu ta m in e  + 2 - o x o g lu t .  + NAD(P)H _____ ^2 L -g lu ta m a te  + |
NAD(P)
C e l ls  grown in  m in im a l ammonia medium  
posses th e  g r e a t e s t  am ount o f  GOGAT a c t i v i t y  , b u t  even  
th e n  t h e r e  was t e n f o ld  le s s  GOGAT a c t i v i t y  th a n  NADPH-GDH 
( 2 4 )  . I t  has been su g g e s te d  t h a t  th e  GS-GOGAT pathw ay  
s e rv e s  as  an a u x i l i a r y  means o f  p ro d u c in g  am ino a c id s  
fro m  th e  am ide n i t r o g e n  o f  g lu ta m in e  w ith o u t  p a s s in g  
th ro u g h  th e  ammonia poo l , o r  a s c a v e n g in g  pathw ay t o I
f u n c t io n  u n d er c o n d it io n s  o f  ammonia l i m i t a t i o n  . 4
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1 . 2 . 4  B io c h e m is try  o f  ammonia a s s im i la t io n  enzym es
1 . 2 . 4 . 1  N A D P H -G lutam ate d eh yd ro g en ase  ( NADPH-GDH)
The S . c e r e v i s i a e  NADPH-GDH has been I
r e p o r te d  to  be a homohexamer composed o f  s u b u n its  o f  Mw 4
540 00  ( 2 5 )  . The Km was fo u n d  t o  be 1 mM f o r  NADPH ( 2 2 )  , 
b u t t h e r e  a r e  c o n s id e r a b le  v a r ia t io n s  in  th e  Km v a lu e  f o r  
ammonia , fro m  v a lu e s  o f  2 mM up t o  11 mM ( 2 2 ) ,  ( 2 6 ) .
■I
S tu d ie s  have been c a r r ie d  o u t  w ith  th e  4
--ft
a c t i v i t y  o f  N .c r a s s a  NADPH-GDH and th e  e f f e c t s  o f  ammonia 
c o n c e n t r a t io n  ( 2 7 )  . The p l o t  a c t i v i t y  x ammonia
c o n c e n t r a t i o n  was fo u n d  t o  be b ip h a s ic  w ith  a  t r a n s i t i o n  S
p o in t  a t  a b o u t 2 mM. The r e s e a rc h e rs  exam in ed  th e  
p u b lis h e d  v a lu e s  f o r  th e  Km ammonia and c o n c lu d e d  t h a t  
th e  d i f f e r i n g  v a lu e s  w ere  p ro b a b ly  due t o  t h i s  b ip h a s ic  
i n t e r a c t i o n  w ith  am m onia. S im i la r  b ip h a s ic  in t e r a c t io n s  
c o u ld  e x i s t  f o r  th e  S . c e r e v i s i a e  enzyme , and t h a t  c o u ld  
e x p la in  th e  w id e ly  d i f f e r i n g  Km v a lu e s
T h e re  i s  a com plex r e la t io n s h ip  b etw een  pH 
, NADPH and 2 - o x o g lu t a r a t e  . The enzyme has maximum 
a c t i v i t y  a t  h ig h  pH ( above 7 . 2 )  . NADPH a lo n e  fa v o u rs
th e  in a c t iv e  fo rm  o f  th e  enzyme , b u t in  th e  p re s e n c e  o f  
2 - o x o g lu t a r a t e  an a c t i v e  q u a te r n a ry  com plex i s  fo rm ed  .
A t  pH v a lu e s  b e lo w  7 .0  , th e  in a c t iv e  fo rm  i s  s t a b i l i s e d  
by p ro to n s  ( 2 8 )  . 3
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I t  has been proposed  t h a t  2 - o x o g lu t a r a t e  
f u n c t io n s  as an a c t i v a t o r  , and NADPH m o d if ie s  t h i s  
a c t i v a t o r  e f f e c t  .
1 . 2 . 4 . 2  NADzG lw tam ate dehydroQ ena^e ( NAD-GDH)
The S . c e r e v i s i a e  NAD-GDH has been proposed  
t o  be a te t r a m e r  o f  id e n t ic a l  s u b u n its  , a lth o u g h  th e  
u n c le a r  d is a g re e m e n t in  th e  s u g g e s te d  s iz e  ( 2 9 )  . The
enzym e is  in a c t iv e  in  th e  p h o s p h o ry la te d  fo rm  . The 
d e p h o s p h o ry la t io n  r e s to r e s  i t s  a c t i v i t y  .
The d ep h o sp h o ry la ted -G D H  has a Km v a lu e  
f o r  NAD a t  0 .8 6  mM and 20 mM f o r  g lu ta m a te  . The Km f o r  
g lu ta m a te  i s  much h ig h e r  , 128 mM , f o r  th e
p h o s p h o ry la te d  enzyme ( 3 0 ) , ( 3 1 )  .
The tw o GDHs fo u n d  in  S . c e r e v i s i a e  have  
been lo c a te d  in  th e  c y to s o l . T h e re  i s  e v id e n c e  t h a t  b o th  
enzym es have tw o c o f a t o r  b in d in g  dom ains ( 3 2 )  .
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1 . 2 . 4 . 3  G lu ta m in e  s y n th e ta s e  ( GS) |
U n l ik e  th e  NADPH-GDH , t h e r e  a r e  
c o n s id e r a b le  d i f f e r e n c e s  in  th e  s t r u c t u r a l  and f u n c t io n a l  
p r o p e r t ie s  o f  GS fro m  b a c t e r ia  and fu n g i .
The b a c t e r i a l  enzyme is  a dodecam er o f  
i d e n t ic a l  s u b u n its  ( 3 3 )  . The enzyme a c t i v i t y  i s
r e g u la t e d  in  re sp o n se  t o  c o v a le n t  m o d i f ic a t io n s  and  
fe e d b a c k  i n h i b i t i o n  . The u n a d e n y la te d  fo rm  i s  a c t i v e  , ÿ
and a c t i v i t y  d e c re a s e s  w ith  in c r e a s in g  a d é n y la t io n  . The  
a d é n y la t io n  d e g re e  i s  m o d u la te d  by Mg++, Mn++, ATP ,
g lu ta m in e  and 2 - o x o g lu t a r a t e  le v e ls  , p lu s  o t h e r  
m e t a b o l i t e s  . T h e re  i s  a ls o  fe e d b a c k  i n h i b i t i o n  by end  
p ro d u c ts  o f  g lu ta m in e  m e ta b o lis m  ( 3 4 )  . The K# v a lu e  f o r  %
ammonia i s  much lo w e r th a n  t h a t  o f  NADPH-GDH , be low  1 mM
in  A.  a e r o g e n e s  ( 2 4 )  .
GS fro m  S . c e r e v i s i a e  has been d e m o n s tra te d  
t o  be m ore s i m i l a r  t o  th e  b a c t e r i a l  th a n  t o  th e  C. u t i l  i s  
( 3 5 ) , ( 3 6 )  o r  N . c r a s s a  enzym es ( 3 7 ) .  I t  i s  a m u lt im e r ic
Ienzym e o f  1 0 -1 2  s u b u n its  ( 3 8 )  . The a d d it io n  o f  g lu ta m in e  S
t o  g lu ta m a te  grown c e l l s  cau se  a  s h a rp  lo s s  o f  a c t i v i t y  
due t o  c e s s a t io n  o f  s u b u n it  s y n th e s is  . Removal o f  
g lu ta m in e  r e s u l t s  in  r e a c t i v a t io n  o f  GS fro m  S . c e r e v i s i a e  
( 3 9 ) , ( 4 0 )  .
I:
  " T .
1I
. 1 9  î
i
1
J1 . 2 . 4 . 4  G lu ta m in e (a m id e )  : 2 - o x o g lu t a r a t e  am ino |
t r a n s f e r a s e  o x id o -re d u c ta s e -N A D  o r  J
G lu ta m a te  s y n th a s e  (GOGAT)
S
GOGAT a c t i v i t y  has been fo u n d  in  many i.Im ic ro o rg a n is m s  ( 4 1 ) , ( 4 2 ) , ( 4 3 ) .  |
The S . c e r e v i s i a e  GOGAT is  a h e te r o m e r ic  i
p r o t e in  composed o f  tw o d i f f e r e n t  s u b u n its  . T h e re  i s  IId is a g re e m e n t in  th e  l i t e r a t u r e  a b o u t th e  s iz e s  o f  th e s e
Is u b u n its  . The Km v a lu e  f o r  2 - o x o g lu t a r a t e  v a r ie s  o v e r  |
0 . 0 4 - 1 . 0  mM , and f o r  g lu ta m in e  th e  Km v a lu e  i s  0 . 2 5 - 0 . 3
mM ( 4 3 )  . The pH o p tim a  a r e  a t  7 . 4 - 7 . 5  . The fu n g a l and
y e a s t  enzyme uses NADH as c o f a c t o r  , w h ile  th e  b a c t e r i a l  I
uses o n ly  NADPH .
The GS-GOGAT pathw ay r e q u ir e s  m ore e n e rg y  |
( t h e  e q u iv a le n t  o f  f o u r  ATP) th a n  NADPH-GDH ( e q u iv a le n t  
t o  t h r e e  ATP) t o  f i x  th e  same amount o f  ammonia . The |
h ig h e r  e n e rg y  re q u ire m e n t o f  th e  GS-GOGAT pathw ay  is  a
p o t e n t i a l  s o u rc e  o f  i n e f f i c i e n c y  in  th e  c o n v e rs io n  o f  
s u b s t r a t e  in t o  b iom ass .
In  a  m u ta n t w h ich  la c k s  GOGAT a c t i v i t y  i t  
may be t h a t  th e  NADPH-GDH a lo n e  c o u ld  s t i l l  s y n th e s is e  
s u f f i c i e n t  g lu ta m a te  f o r  th e  s t r a i n  t o  grow as norm al .
The one ATP saved  p e r  ammonia a s s im i la te d  may be used in  
th e  fo r m a t io n  o f  m ore b iom ass . A sec o n d ary  e f f e c t  o f  a  
r e d u c t io n  in  NADH r e o x id a t io n  is  t h a t  th e  p ro c e s s  becomes 
le s s  e x o th e rm ic  and r e q u ir e s  le s s  c o o lin g  t o  m a in ta in  th e Ifs:;
I
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c u l t u r e  a t  th e  id e a l  te m p e ra tu re  , in  la r g e  s c a le  
c u l t u r e .
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1.3  AIMS
The a im s o f  t h i s  p r o je c t  f a l l  i n t o  two
group s
GENERAL OBJECTIVES
A b ro ad  aim  is  to  a c q u ir e  s k i l l s  in  
fe r m e n ta t io n  te c h n iq u e s  p a r t i c u l a r l y  bench s c a le ,  b a tc h  
and c o n tin u o u s  (c h e m o s ta t ic )  c u l t u r e ,  as t o o ls  f o r  f u t u r e  
w ork ( i n  a B r a z i l i a n  e n v iro n m e n t)  in  th e  g e n e ra l a r e a  o f  
fe r m e n ta t io n  te c h n o lo g y  -  p a r t i c u l a r l y  in  r e l a t i o n  t o  
n a t io n a l  b io te c h n o lo g y  p ro g ram s . S k i l l s  a r e  a ls o  
n e c e s s a ry  in  th e  g e n e ra l a r e a  o f  in s t r u m e n ta t io n  -  th e  
a b i l i t y  to  c o n s t r u c t  and m a in ta in  s im p le  in s t r u m e n ta t io n  
b e in g  e s s e n t ia l  in  an e n v iro n m e n t la c k in g  re a d y  w orkshop  
f a c i l i t i e s / t e c h n i c a l  s u p p o r t .
S P E C IF IC  OBJECTIVES
The s p e c i f i c  o b je c t iv e s  a r e  t o  in v e s t ig a t e  
th e  e f f e c t ,  in  p h y s io lo g ic a l  te rm s , o f  th e  e l im in a t io n  o f  
GOGAT a c t i v i t y  in  S . c e r e v i s i a e  .
The poo l s iz e s  o f  ammonia, g lu ta m a te  and  
g lu ta m in e  p lu s  th e  s p e c i f i c  a c t i v i t i e s  o f  th e  enzymes  
in v o lv e d  in  ammonia a s s im i la t io n  w i l l  be d e te rm in e d  und er  
C arbon and N it ro g e n  l im i t e d  c u l t u r e s  w ith  a  v a r i e t y  o f
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d i l u t i o n  (g ro w th )  r a t e s .  An e s t im a t io n  o f  th e  
c o n t r ib u t io n  o f  GOGAT to w a rd s  ammonia a s s im i la t io n  in  
S . c e r e v i s i a e  i s  s o u g h t.
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2 . MATERIALS AND METHODS
2 .1  M ie  ro o rg a n  ism s
T h re e  S . c e r e v i s i a e  s t r a in s  w ere  used in
t h i s  p r o j e c t .  They w ere  p ro v id e d  by D r . A. R a ch er and D r .  
J .  R. K in g h o rn  ( U n iv e r s i t y  o f  S t .  Andrew s) .
S t r a in s  AR2 and AR5 d e r iv e d  fro m
BC55 igogat*^ gdh 1 -6 “ 7eu2~ 3 w h ich  c a r r ie s  th e  p la s m id
pCYG4. T h is  p la s m id  was d e v e lo p e d  by Nagasu and H a l l  
( 4 4 ) .  They is o la t e d  a  gene w h ich  showed hom ology t o  th e  
N e u r o s p o r a  c r a s s a  gene and c o n fe r r e d  NADPH-GDH a c t i v i t y  
in  y e a s t .  T h is  gene was c lo n e d  in t o  th e  E s c h e r i c h i a  c o l i -  
y e a s t  s h u t t le  v e c to r  0V13 (Y E p 13 ) BafNil s i t e  in
Saccharomyces c e r e v i s i a e  (gdhr  7ew2“ s t r a i n  BC65)
d i r e c t in g  s u b s ta n t ia l  o v e rp ro d u c t io n  o f  NADPH-GDH .
S t r a in  AR2 has a  d i f f e r e n t  d e le t io n  in  th e  
gene f o r  NADPH-GDH a c t i v i t y  [g d h  1 -1 “ ] and i t  b e a rs
a p p ro x im a te ly  30 c o p ie s  o f  th e  p la s m id  pCYG4.
S t r a in  AR5 was s e le c te d  fro m  a BC56 m u ta n t
w h ic h  showed v e ry  low  GOGAT a c t i v i t y  (a b o u t  2% o f  th e
GOGAT a c t i v i t y  o f  th e  p a r e n ta l  s t r a i n ) .  I t  a ls o  c a r r i e s  
a p p ro x im a te ly  30 c o p ie s  o f  th e  p la s m id  pCYG4 . Any 
im provem ent in  i t s  g ro w th  c h a r a c t e r is t i c s  w ould  be due to  
th e  la c k  o f  GOGAT a c t i v i t y .
S t r a in  (  1278b is  an h a p lo id  w i ld  ty p e
s t r a i n .
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T a b le  2 .1  T h re e  d i f f e r e n t  s t r a in s  o f  
Saccharomyces ce  r e v i s i a e
S t r a in V e c to r
<1278b
AR2 (a gogat*^ gdhr 7eu2- ) PCYG4
AR5 (a g o g a tr gdhr 1eu2- ) PCYG4
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A m ic r o p r o c e s s o r -c o n tr o l le d  fe r m e n te r  
sys te m  was used f o r  a l l  th e  e x p e r im e n ts  th ro u g h o u t t h i s  
w ork w it h  th e  th r e e  s t r a in s .  F ig u r e  2 .2 ,1  shows a g e n e ra l  
d ia g ra m  o f  th e  a p p a ra tu s  f o r  m ic r o b ia l  g ro w th . The 
P ro c e s s o r  C o n tro l System  (PCS) c o n s is ts  o f  3 m ain  board s  
( 1 , 2  and 3 ) ;  4 a u x i l i a r y  b o a rd s  ( 4 , 5 , 6  and 7 ) ;  and a
c o n n e c t io n  b lo c k  ( 8 , 9 , 1 0  and 1 1 ) used t o  l i n k  th e  PCS 
w it h  th e  v id e o  t e r m in a l ,  w ith  s e n s o rs  fro m  th e  fe r m e n te r ,  
w it h  a  c o n t r o l  box and w ith  o th e r  m ic ro c o m p u te r.
00
to
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F ig .  2 .2 .1  
g ro w th .
D iag ram  o f  th e  a p p a ra tu s  f o r  m ic r o b ia l
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MICROPROCESSOR :
M ain  B oards
1 -  C e n tr a l  P ro c e s s o r B oard  (C P U -B o ard )
2 -  Memory Board
3 -  A n a lo g /D ig i t a l  C o n v e r te r  (A /D )  and (O N /O FF) S w itc h  
B oard  (A D S -B oard )
A u x i l i a r y  Boards
4 -  pH In t e r f a c e  B oard
5 -  Oxygen I n t e r f a c e  B oard
6 -  T e m p e ra tu re  I n t e r f a c e  B oard
7 -  Biom ass I n t e r f a c e  B oard
C o n n e c tio n  B lo c k
8 -  C o n n e c tio n  b etw een  S e n so rs  in  th e  fe r m e n te r  v e s s e l  
and th e  In t e r f a c e s
9 -  C o n n e c tio n  betw een  A /D  and th e  C o n tro l Box
10 -  C o n n e c tio n  betw een  th e  PCS and th e  v id e o  t e r m in a l
11 -  C o n n e c tio n  b etw een  th e  PCS and a n o th e r  m ic ro c o m p u te r
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SENSORS :
A -  Biomass E le c t r o d e  System  
B -  pH E le c tr o d e  
C -  Oxygen E le c t r o d e  
D -  T e m p e ra tu re  S ensor
CONNECTIONS TO THE CONTROL BOX (CB) 
E -  Oxygen Pump 
F -  H e a te r  
G -  KOH Pump
SIGNALS
a -  V e ry  low  v o lta g e  o r  c u r r e n t  fro m  e le c t r o d e s  
b -  0 t o  2 .5 5  v o l t s  d - c .  
c -  D i g i t a l  s ig n a l  t o  th e  PCS system  
d -  A n alo g  s ig n a l  t o  th e  CB
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The f u n c t io n  o f  th e  C PU-board i s  t o  p ro c e s s  th e  
d i g i t a l  in fo r m a t io n  fro m  th e  A /D  board  o r  fro m  th e
c o n n e c te rs  10 and 11 (v id e o  te r m in a l  and a n o th e r
m ic ro c o m p u te r ) , t o  s t o r e  th e  r e s u l t s  in  th e  memory board  
o r  send them  th ro u g h  th e  c o n n e c te rs  10 o r  11 f o r  f u r t h e r  
d a ta  a n a ly s is .  The c o n d it io n s  o f  th e  p a ra m e te rs  in  th e  
fe r m e n te r  a r e  a ls o  c o n t r o l le d  by th e  PCS w h ich  com pares  
d a ta  fro m  th e  t ra n s d u c e r s  w ith  d a ta  s to r e d  in  th e  memory.
T h e re  a r e  tw o  k in d s  o f  memory in  t h i s  system  :
1 -  Random A ccess Memory (RAM ), in  w h ich  th e  c o n te n t  o f  a 
memory c e l l  can be e ra s e d  th ro u g h  a s o f tw a r e  command o r  
by pow er c u t .
2 -  Read O n ly  Memory (ROM), in  w h ich  th e  d a ta  is
p e rm a n e n tly  f i x e d  in  memory c e l l s  . A s p e c ia l  1 ROM c a l le d  
EPROM (E r a s a b le  P rogram m able Read O n ly  M em ory), w hich  
a l lo w s  th e  d a ta  t o  be e ra s e d  th ro u g h  u l t r a  v i o l e t  l i g h t  
e x p o s u re  i s  p r e s e n t  in  th e  sys tem .
The EPROM memory has been used t o  s t o r e  th e
m a s te r  s o f tw a r e  w h ic h  c o n t r o ls  th e  o p e r a t io n  o f  th e  
m ic ro p ro c e s s o r . F o r d a ta  s to ra g e  fro m  th e  fe r m e n te r  
s e n s o rs  th e  RAM memory i s  u t i l i s e d .
The fe r m e n te r  i s  co n n ec ted  t o  th e  m ic ro co m p u te r  
th ro u g h  th e  A n a lo g /D ig i t a l  (A /D )  c o n v e r te r  and ON/OFF 
S w itc h  b o ard  (A D S ). T h is  b oard  c o n v e r ts  a n a lo g  d a ta  fro m  
th e  fe r m e n te r  s e n s o rs  t o  d i g i t a l  d a ta ,  b e fo r e  s e n d in g
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them  t o  th e  CPU f o r  p ro c e s s in g  and co m p ariso n  w ith  s e t -  
p o in t  d a ta  s to re d  in  memory. The ON/OFF S w itc h  c i r c u i t  
c o n t r o ls  th e  c o n t r o l  box w h ich  can s w itc h  ON and OFF 
s p e c i f i c  d e v ic e s  t o  c o n tr o l  p a ra m e te rs  in s id e  th e  
fe r m e n te r  v e s s e l (H e a te r  to  c o n t r o l  th e  te m p e r a tu r e ,  a i r  
pump t o  c o n tr o l  th e  oxygen l e v e l ,  p e r i s t a l t i c  pumps t o  
c o n t r o l  th e  p H ).
The a u x i l i a r y  board s  ( pH, o xy g en , te m p e ra tu re  
and b iom ass i n t e r f a c e  b o a rd s ) t r a n s fo r m  th e  low le v e l  
fro m  s e n s o rs  in s id e  th e  fe r m e n te r  v e s s e l t o  s u i t a b le  
l e v e ls  ( 0 t o  2 .5 5  V . d . c .  ) f o r  a n a lo g - d i g i t a l
c o n v e rs io n .
Four d i f f e r e n t  e le c t r o d e s  a r e  used in s id e  th e  
fe r m e n te r  :
1 -  pH e le c t r o d e  -  AOWL 150 steam  s t e r i l i s a b l e  pH 
e le c t r o d e  ( R u sse l pH L im ite d ,  A u c h te rm u c h ty , F IF E ,  
S c o t la n d ) .
2 -  Oxygen e le c t r o d e  -  S t e r i l i s a b l e  oxygen e le c t r o d e  
ty p e  G -2  (U n ip ro b e , C a r d i f f ,  E n g la n d ) .
3 -  B iom ass e le c t r o d e  system  -  The b iom ass e le c t r o d e  
u t i l i z e d  in  th e  m ic r o p r o c e s s o r -c o n t r o l le d  fe r m e n te r  
sys tem  was d e v e lo p e d  by Lim a F i lh o  ( 6 )  . I t  c o n s is ts  o f  
tw o  com ponents ; th e  e m i t t e r  and th e  d e t e c t o r  . (S e e  
f ig u r e  2 . 2 . 1 a ) .
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The e m i t t e r  i s  a l i g h t  e m i t t in g  d io d e  (LED ) -  
th e  H500 (G e n e ra l E l e c t r i c ,  USA) . I t  i s  a  GaAIAs d io d e  
w h ic h  has a t y p i c a l l y  lu m in o u s  in t e n s i t y  ( T L I )  o f  500 mod 
, and a s p e c t r a l  peak a t  650 nm . I t  is  f ix e d  o u ts id e  and  
t o  th e  bo ttom  o f  th e  fe r m e n te r  v e s s e l , and i t s  v e r t i c a l  
p o s i t io n  is  a l ig n e d  w ith  th e  d e te c to r  .
The d e t e c t o r  i s  th e  p a r t  o f  th e  e le c t r o d e  w h ich  
i s  s e t  up in s id e  th e  fe r m e n te r  v e s s e l . I t  i s  an in f r a r e d  
d e t e c t o r  (L14F1 -  G e n e ra l E l e c t r i c  , USA) ,
s u p e r s e n s i t iv e  NPN p la n a r  s i l i c o n  p h o to - d a r l ig t o n  
a m p l i f i e r  . I t  i s  a u to c la v a b le  and has a peak o f  l i g h t  
d e t e c t io n  a t  850 nm, b u t a t  650 nm i t  r e t a in s  50% o f  i t s  
s e n s i t i v i t y ,  enough f o r  th e  purpose o f  th e  s y s te m . The  
d e t e c t o r  is  c o n n e c te d  to  an i n t e r f a c e  in  th e  
m ic ro p ro c e s s o r  w h ich  a m p l i f ie s  th e  s ig n a l  fro m  th e  
d e t e c t o r  and t r a n s m its  i t  t o  th e  ADS b oard  , th e n  t o  th e  
CPU board  w here th e  p ro c e s s in g  o f  d a ta  w i l l  be c a r r ie d  
o u t  .
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F ig u re  2 . 2 . 1 a  -  D iag ram  o f  th e  b iom ass e le c t r o d e
l n t «  r f a c •
+  5 v
1 -  F e rm e n te r v e s s e l
A -  D e te c to r  
B -  E m it te r
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4 -  T e m p e ra tu re  s e n s o r  -  I t  was a ls o  d e v e lo p e d  by Lima 
F i lh o  ( 6 ) ,  The te m p e ra tu re  s e n s o r c o n s is ts  o f  a  590KH 
te m p e ra tu re  t ra n s d u c e r  (RS C o m p onents ), w h ich  p ro d u ces  an 
o u tp u t  c u r r e n t  p r o p o r t io n a l  t o  a b s o lu te  te m p e r a tu r e .  I t  
o p e ra te s  in  th e  ra n g e  o f  - 5 5 *  C t o  + 150* C, w ith  a  
nom inal c u r r e n t  o u tp u t  o f  2 9 8 .2  uA a t  + 25 * C and a  
n om inal te m p e ra tu re  c o e f f i c i e n t  o f  1 u A /*  C.
O r i g i n a l l y  th e  s e n s o r s h o u ld  be c o v e re d  by a 
s in g le  t e f l o n  membrane, b u t we fo u n d  t h a t  a  d o u b le  
m embrane, a lth o u g h  d e c re a s in g  i t s  resp o n se  speed w ould  
im p ro ve  i t s  l i f e t i m e  as i t  i s  c o n t in u o u s ly  s u b je c te d  t o  
s t e r i l i s a t i o n .
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Y e a s t N it ro g e n  Base 0 .1 7  g
G lucose 2 .0 0  g
G lu ta m a te  0 .1 5  g
F in a l  volum e 100 ml
2 .2 . 3
Y e a s t N it ro g e n  Base 0 .8 5  g
G lu co se  1 0 .0 0  g
Ammonium S u lp h a te  1 .3 2  g
F in a l  volum e 500 ml
2 . 2 . 4  G.h.en(i.ps.t,at-i„^...
2 . 2 . 4 . 1  C a r  boo 1 i m i  11_0 9 mod i  wm
Y e a s t N it ro g e n  Base 3 4 .0 0  g
G lu co se  1 0 0 .0 0  g
Ammonium S u lp h a te  5 2 .8 0  g
F in a l  volum e 20 L
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Y e a s t  N it r o g e n  Base 3 4 .0 0  g
G lu c o se  4 0 0 .0 0  g
Ammonium S u lp h a te  5 .2 8  g
F in a l  vo lum e 20 L
2 . 2 . 5  M ai o ta a a o c a . Modi wm
Y e a s t  N it r o g e n  Base 0 .8 5  g
G lu c o se 1 0 .0 0  g
Ammonium S u lp h a te 1 .3 2  g
A g ar 1 0 .0 0  g
F in a l  vo lum e 500 ml
S u b c u ltu re s  w ere made fro m  th e  o r i g in a l  s t r a in s  
u t i l i s i n g  th e  m a in te n a n c e  medium ( 2 . 2 . 5 )  and in c u b a te d  a t  
3 0 * C f o r  72 h o u rs . The p u r i t y  o f  th e  c o lo n ie s  was 
ch ecked  u s in g  G ram 's  s t a i n .  Then th e  new p la t e s  w ere  
k e p t  a t  4 * C . S u b c u ltu re s  w ere  made e v e ry  t h r e e  w eeks.
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2 ■ 2 ■ 7 ,B.atc.h.....,.ox.p.o.u,Rko,ob.o
C e l ls  grew o v e r n ig h t  in  100 ml o f  in o cu lu m  
medium a t  30 * C on an o r b i t a l  s h a k e r . S u b s e q u e n tly  50 ml 
o f  th e  in o cu lu m  w ere added t o  500  ml o f  b a tc h  medium in  
th e  fe r m e n te r  v e s s e l . The te m p e ra tu re  was 30° C , th e  
oxygen s a t u r a t io n  was 30% and th e  pH m a in ta in e d  a t  5 by 
a d d i t io n  o f  2 M KOH.
2 . 2 . 8  .
A ch e m o s ta t c u l t u r e  c o n s is ts  o f  a m ixed  
s u s p e n s io n  o f  biom ass in t o  w h ich  f r e s h  medium is  
c o n t in u o u s ly  in tro d u c e d  a t  a  c o n s ta n t  r a t e  and th e  
c u l t u r e  is  h a rv e s te d  a t  th e  same r a t e  so t h a t  th e  c u l t u r e  
volum e re m a in s  c o n s ta n t .  The b iom ass g ro w th  i s  l im i t e d  by 
th e  c o n c e n t r a t io n  o f  a s in g le  s u b s t r a t e ,  a l l  th e  o th e r  
n u t r ie n t s  b e in g  in  exc e s s  (S e e  f ig u r e  2 . 2 . 8 )
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F ig u r e  2 . 2 . 8 D iag ram  o f  a  c h e m o s ta t
Stirrer
CultureMedium
X -  b iom ass c o n c e n t r a t io n
s -  g r o w t h - l im i t in g  s u b s t r a te  c o n c e n t r a t io n
sr -  i n i t i a l  g r o w t h - l im i t in g  s u b s t r a te  c o n c e n t r a t io n
F -  f lo w  r a t e
U s u a l ly ,  a  c h e m o s ta t ic  e x p e r im e n t  i s  
p re c e d e d  by g ro w th  w ith o u t  a d d i t io n  o f  f r e s h  medium  
(b a tc h  m o d e). When th e  c u l t u r e  a c h ie v e s  th e  e x p o n e n t ia l  
p h a s e , th e n  th e  f lo w  o f  medium is  c o n n e c te d  . The v a lu e
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o f  f lo w  ra te /v o lu m e  o f  w o rk in g  c u l t u r e  ( F /V )  i s  known as  
th e  d i l u t i o n  r a t e  ( D ) .
I f  th e  r a t e  o f  wash o u t  o f  th e  biom ass is  
le s s  th a n  th e  maximum g ro w th  r a t e  (D  < u , ) th e  l i m i t i n g  
s u b s t r a te  c o n c e n tr a t io n  m ust d e c re a s e  th e  s p e c i f i c  g ro w th  
r a t e  u n t i l  th e  b iom ass g ro w th  r a t e  e q u a ls  th e  wash o u t  
r a t e .  Then a s te a d y  s t a t e  may be a c h ie v e d  and th e  
s p e c i f i c  g row th  r a t e  o f  th e  b iom ass w i l l  be d e te rm in e d  by 
th e  d i l u t i o n  r a t e .  H ow ever, i f  th e  r a t e  o f  wash o u t  o f  
biom ass exceeds th e  r a t e  o f  g ro w th  (D > u# ) th e n  th e  
biom ass c o n c e n tr a t io n  w i l l  d e c re a s e  and th e  g ro w th -  
l i m i t i n g  s u b s tr a te  c o n c e n t r a t io n  w i l l  te n d  to w a rd s  S r . I f  
th e  d i l u t i o n  r a t e  is  e q u a l t o  th e  maximum s p e c i f i c  g ro w th  
r a t e ,  th e  biom ass c o n c e n t r a t io n  w i l l  be z e r o ,  and th e  
d i l u t i o n  r a t e  is  c a l le d  th e  c r i t i c a l  d i l u t i o n  r a t e  ( D c ) .  
(S ee  f ig u r e  2 . 2 . 8 a ) .
F ig u r e  2 .2 .8 b  shows th e  r a te s  o f  b iom ass  
o u tp u t  in  a c h e m o s ta t. th e  s t e a d y - s t a t e  o u tp u t  r a t e  i s  a  
f u n c t io n  o f  th e  d i l u t i o n  r a t e  and i t  reac h es  a maximum a t  
a v a lu e  known as D m ,  o b ta in e d  by th e  fo l lo w in g  e q u a t io n  :
Dm =Um { 1 — (K a /S r  + K a ) ^ ^ *  }
Ka -  s a t u r a t io n  c o n s ta n t
110
0 5
0 4
I
C
? 0 3o
02 02
X (s^= 0  2 g/l)
01
0 0 2 0 4 0 8 100-6
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Dilution rate (h~’ )
F ig u r e  2 .2 .8 a  -  (From  P i r t  S .J .  r e f . 45 ) V a r i a t io n  o f
s t e a d y - s t a t e  biom ass ( x )  and g r o w t h - l im i t in g  s u b s t r a t e  
( s )  c o n c e n tr a t io n s  w ith  d i l u t i o n  r a t e .
0 4JZ
CD
«
Z 0 3
aI
g 02
E
m
01
0 20 04. 0 6 0-8 10
Dilution rate |h ’ )
F ig u r e  2 .2 .8 b  -  (From  P i r t  S .J .  r e f . 4 5 )  S t e a d y -s ta te
r a t e s  o f  b iom ass o u tp u t  in  a  c h e m o s ta t.
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U nder s t e a d y - s t a t e  c o n d it io n s  th e  mean 
g e n e r a t io n  t im e  ( t d  = d o u b lin g  t im e )  i s  c a lc u la t e d  
f o l lo w in g  th e  e q u a tio n  be low  ( 4 5 )  :
ln 2
td  = ______  h
u
w here u = D
The e x p e r im e n ts  w ere  c a r r ie d  o u t  u n d er th e  
c o n d it io n s  d e s c r ib e d  in  2 . 2 . 6 .  When th e  c e l l s  a c h ie v e d  
l a t e  e x p o n e n t ia l  phase in  b a tc h  c u l t u r e  , th e  c o n tin u o u s  
i n f l u x  o f  l i m i t i n g  medium was s t a r t e d .  The f lo w  r a t e  was 
d e te rm in e d  m easu rin g  th e  t im e  (m in u te s )  to  f i l l  a  10 ml 
v o lu m e t r ic  v e s s e l w ith  c u l t u r e .  The d i l u t i o n  r a t e s  w ere  
c a lc u la t e d  d iv id in g  th e  f lo w  r a t e  by th e  vo lum e o f  
c u l t u r e  in s id e  th e  fe r m e n te r  (6 0 0  m l ) .  The d i l u t i o n  r a t e s  
u t i l i z e d  in  th e  e x p e r im e n ts  w ere  0 .0 5 ,  0 .1 0 ,  0 .1 5  and
0 . 2 0 / h .
Each e x p e r im e n t  w ith  c h e m o s ta tic  c u l t u r e  
l a s t  fro m  5 to  10 days , r e s u l t in g  in  a  d i f f e r e n t  number 
o f  g e n e r a t io n s .
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T a b le  2 . 2 . 8  -  P a ra m e te rs  f o r  c h e m o s ta t ic
c u l t u r e  e x p e r im e n ts .
Flow  r a t e  
(m l/m in )
C u lt u r e  volum e  
(m l )
D
( / h )
td
(h )
30 600 0 .0 5 1 3 .8 6
60 600 0 .1 0 6 .9 3
90 600 0 .1 5 4 .6 2
120 600 0 .2 0 3 .4 6
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The biom ass c o n c e n tr a t io n  was m easured by
tw o  m ethods :
1 -  R e la t io n s h ip  o f  a b s o rb a n c e -d ry  w e ig h t  o f  c e l l s
2 -  C o n tin u o u s  re c o rd in g  by th e  biom ass e le c t r o d e  
c o n n e c te d  t o  th e  m ic ro p ro c e s s o r  c o n tr o l  sys tem .
A f t e r  e x p e r im e n ts  w ith  C and N l im i t e d  
c o n tin u o u s  c u l t u r e  , 600 ml o f  c u l t u r e  w ere c e n t r i fu g e d  
[1 5 0 0  X g; 10 m in ] and th e n  washed tw ic e  w ith  d i s t i l e d  
w a te r  b e fo re  f i n a l l y  b e in g  ressuspended  t o  a t h ic k  b u t  
p ip e t t a b le  s o lu t io n  . From t h i s  s o lu t io n  a s e r ie s  o f  
s u i t a b le  d i lu t i o n s  was made and t h e i r  a b s o rb an ce s  
re c o rd e d  a t  610 nm [U n i cam SP 600 s e r ie s  2 ]  
s p e c tro p h o to m e te r ]  a g a in s t  a  d i s t i l e d  w a te r  b la n k  . T h re e  
1 ml sam ples o f  t h i s  s o lu t io n  w ere  d r ie d  f o r  18 h (o ven  
200 ° C ) and th e n  w e ig h te d  a c c u r a t e ly  u n t i l  th e  re a d in g s  
w ere  c o n s ta n t  in  p r e -w e ig h te d  c o n ta in e r s  . S in c e  th e  
a c c u r a te  w e ig h t  o f  1 ml o f  c e l l s  was known th e  e q u iv a le n t  
d ry  w e ig h t  o f  th e  d i lu t i o n s  c o u ld  be c a lc u la t e d  
A b s o rb a n c e /d ry  w e ig h t  r e la t io n s h ip  g ra p h s  w ere  
c o n s tru c te d
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F i g u r e  2 . 3 . 1  s Dr y  w e i g h t  c a l i b r a t i o n  p l o t  
f o r  AR2 s t r a i n .
E
C
es
CD
■H
0
01 
U  
C 
m 
-Q
L.
a
co
ja
<
36-
1 2 -
543210
c  e 1 ( m g /  m I )
F i g u r e  2 . 3 . 1 a  : D r /  w e i g h t  c a l i b r a t i o n  p l o t
f o r  AR5 s t r a i n .
42
The p re s e n c e  o f  p la s m id  in  th e  c e l l s  was 
ch ecked  u s in g  tw o  d i f f e r e n t  ap p ro ach es  :
1 -  The d e te r m in a t io n  o f  NADPH-GDH a c t i v i t y  in  th e  
c e l l s  , w h ich  i s  c o r r e la t e d  w ith  NADPH-GDH encoded in  th e  
p la s m id  .
2 -  The le v e l  o f  P e n ic i l l i n a s e  a c t i v i t y  in  th e
s u p e r n a ta n t  o f  th e  b ro th  c u l t u r e  was m easu red . T h is  
m ethod was based on th e  C h e v a l l i e r  and A i g l e 's  method  
( 4 6 )  w h ich  showed t h a t  p la s m id  c a r r y in g  t h e  Amp* in  a  
c h im e r ic  p la s m id  d e r iv e d  fro m  th e  2u y e a s t  p la s m id  can  
p ro d u ce  P e n i c i l l i n a s e  . P e n ic i l l i n a s e  a c t i v i t y  can be 
d e te c te d  by a w h ite  h a lo  aro u n d  th e  P e n i c i l l i n a s e -  
p ro d u c in g  s t r a i n s ,  due t o  re d u c in g  a c t io n  o f  
p e n i c i 1 1 in o ic  a c id  o v e r  a  d e e p -b lu e  io d in e - s t a r c h  com plex  
in c o r p o r a te d  i n t o  th e  s o l id  medium a f t e r  g ro w th  o f  
s t r a i n s .
J /  /  ' ............................................................................^  ' »  '  j  ' '      ' T t ^ "  "
2 .5  S p e c i f ic  G row th R a te
The s p e c i f i c  g ro w th  r a t e  was d e te rm in e d  by 
tw o d i f f e r e n t  ap p ro a c h e s  ;
2 .5 .1  S p e c i f ic  g ro w th  r a t e  d e te rm in e d  th ro u g h  a
b a tc h  e x p e r im e n t :
The s p e c i f i c  g ro w th  r a t e  in  b a tc h  c u l t u r e  
was c a lc u la t e d  u s in g  th e  f o l lo w in g  e q u a tio n  :
In  X = InXo + u t  
Where :
Xo = b iom ass when t  = 0
The p l o t  o f  InX  a g a in s t  t im e  in  
e x p o n e n t ia l  g ro w th  w i l l  be a  s t r a i g h t  l i n e  w h ic h  s lo p e  is  
e q u a l t o  u ( 4 5 ) .
2 . 5 . 2  S p e c i f ic  g ro w th  r a t e  d e te rm in e d  th ro u g h
C h e m o s ta tic  g ro w th
443 ^■1
I
I
The s p e c i f i c  g ro w th  r a t e  in  c o n tin u o u s  |
c u l t u r e  was d e te rm in e d  u s in g  th e  f o l lo w in g  e q u a t io n  :
In  X = (um - D ) t  + In  Xo
I f  we make D>Dc in  th e  c h e m o s ta t w a s h -o u t  
o c c u rs  and th e  s lo p e  o f  InX  v e rs u s  t im e  i s  (ua -  D) ( 4 5 )
....
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2 .6  D e te r m in a t io n  o f  E n z y m a tic  A c t i v i t i e s
2 . 6 .1  N A D PH -Q lutam ate d eh yd ro g en ase  (NADPH-GDH) and
G lu ta m a te  s y n th a s e  (GOGAT)
2 . 6 . 1 . 1  R eag en ts
1 -  E x t r a c t io n  b u f f e r  ( 0 .1  M p o tass iu m  p ho sphate  pH
7 .5  , 5 mM e t h y le n e d ia m in e t e t r a a c e t ic  a c id  d is o d iu m  s a l t  
(EDTA) , 0 .2 5  % v / v  2 -m e rc a p to e th a n o l , 0 .1  mM
p h e n y lm e th y ls u lp h o n y lf lu o r id e  (P M S F )) .
2 -  2 - o x o g lu t a r a t e  ( 0 . 2  M in  p h o sp h ate  b u f f e r  0 .1  M 
pH 7 . 5 )  .
3 -  NADPH ( te t r a s o d iu m  s a l t  ty p e  I ,  p ro d u c t no 
N 1630 by S igm a) (1 mg/ml in  p h o sp h ate  b u f f e r  0 .1  M pH
7 . 5 ) .
4 -  NADH (d is o d iu m  s a l t  g ra d e  I I I ,  p ro d u c t n® 
N 8 1 2 9  by S igm a) (1 mg/ml in  p h o sp h ate  b u f f e r  0 .1  M pH
7 . 5 )
5 -  Ammonium c h lo r id e  ( 0 . 2  M in  p h o sp h ate  b u f f e r  
0 .1  M pH 7 . 5 ) .
6 -  L -G lu ta m in e  ( 0 .0 4  M in  p h o sp h ate  b u f f e r  0 .1  H 
pH 7 . 5 )
2 . 6 . 1 . 2  P r e p a r a t io n  o f  e x t r a c t s
T h re e  1 ml a l iq u o t s  o f  c e l l  c u l t u r e  w ere  
c e n t r i f u g e d  (E p p e n d o rf : 3 m in /1 3 ,000  rpm ) when th e
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medium was carb o n  l im i t e d  , and tw e lv e  1 ml when th e  
medium was n it r o g e n  l im i t e d  . The p e l l e t s  w ere  p o o le d  in  
one tu b e  and ressuspend ed  in  1 ml o f  e x t r a c t io n  b u f f e r  . 
G la s s  beads ( 0 . 4 5 - 0 . 5  mm) w ere  added up t o  a p p ro x im a te ly  
th e  same volum e as th e  p e l l e t  . C e l ls  w ere b ro k e n  w ith  a 
v o r te x  m ix e r  f o r  3 m in . S u p e rn a ta n ts  w ere  rem oved a f t e r  
c e n t r i f u g a t io n  (E p p e n d o rf : 3 m in /1 3 ,000  rpm ) and used as  
a sam ple  f o r  enzyme ass ay  im m e d ia te ly .
^ ® • 1 “ ^ .,G.l,.u<t<amat.^ ««.d,8.h,y.d<E,o.g.e.oaia.a<..»<.,(..NA.DEW...—GOti.,),
The NADPH-GDH a c t i v i t y  was d e te rm in e d  by 
r e c o r d in g  th e  d e c re a s e  o f  ab s o rb a n c e  a t  340  nm in  a  
s p e c tro p h o to m e te r  f i t t e d  w ith  a c h a r t  r e c o r d e r  and w a te r -  
ja c k e t e d  c e l l  c a r r ia g e  o p e r a t in g  a t  30® C . The r e a c t io n  
was i n i t i a t e d  by th e  a d d i t io n  o f  ammonium c h lo r id e ,  and  
th e  r a t e  was c o r r e c te d  by s u b t r a c t in g  th e  r a t e  o f  
c o f a c t o r  o x id a t io n  o b s e rv e d  in  th e  absence o f  ammonium 
c h lo r id e  ( 4 7 ) .
R e a c t io n  :
NADPH-GDH
NH4+ + NADPH + 2 -o x o g lu t  _____________ ^  L -g lu ta m a te  + NADP
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NADP-GDH A ssay C o n d it io n s  
The fo l lo w in g  re a g e n ts  w ere  p ip e t te d  in t o  c u v e t te s  :
P hosphate  b u f f e r 2 .5  ml
2 -o x o g 1u t a r a t e 0 .1  ml
NADPH 0 .2  ml
The c u v e t te  was m ixed and l e f t
f o r  5 min t o  e q u i l i b r a t e  th e
te m p e ra tu re .
Enzyme e x t r a c t 0 .1  ml
(B ackground  a c t i v i t y )
Ammonium c h lo r id e 0 .1  ml
One U n i t  o f  QDH a c t i v i t y  was d e f in e d
(u s in g  th e  m o la r  e x t in c t io n  c o e f f i c i e n t  o f  6 .2 2  cm /um ole
f o r  NADP) as th e  am ount o f  enzyme w hich  p roduced  1 umol
o f  NADP in  1 m in u n d er th e  a s s a y  c o n d it io n s  . S p e c i f ic
a c t i v i t i e s  w ere e x p re s s e d  as u n i t s  p e r  mg p r o t e in  (U /m g )
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2 - 6 . 1 . 4  G lu ta m a te  s y n th a s e  (GOGAT)
GOGAT a c t i v i t y  was d e te rm in e d
s p e c t r o p h o t o m e t r ic a l ly  as  d e s c r ib e d  in  2 . 6 . 1 . 3  ,
m e a s u rin g  th e  r a t e  o f  NADH d e c re a s e  a t  340 nm a f t e r  
a d d i t io n  o f  L -g lu ta m in e  , u s in g  a m o la r  e x t i n c t io n  
c o e f f i c i e n t  o f  6 .2 2  cm /um ole  ( 2 4 ) .
R e a c tio n
GOGAT
L -g lu ta m in e  + NADH + 2 - o x o g lu t .__________ ^ 2 L -g lu ta m a te  +
NAD
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GOGAT ass ay  c o n d it io n s
The f o l lo w in g  re a g e n ts  w ere  p ip e t t e d  in t o  c u v e t te s  :
P h osphate  b u f f e r  2 .4  ml
2 - o x o g lu t a r a t e  0 .1  ml
NADH 0 .2  ml
The c u v e t te s  w ere m ixed  and l e f t  
f o r  5 m in t o  e q u i l i b r a t e  th e  
te m p e ra tu re
Enzyme e x t r a c t  0 .2  ml
(B ackg ro u n d  a c t i v i t y )
L -g lu ta m in e  0 .1  ml
One U n i t  o f  GOGAT a c t i v i t y  was d e f in e d  as  
th e  am ount o f  enzyme w h ich  p ro d u ced  1 umol o f  NAD in  1 
m in a t  th e  assay  c o n d it io n s .  S p e c i f ic  a c t i v i t i e s  w ere  
e x p re s s e d  as u n i t s  p e r  mg p r o t e in  (U /m g ).
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The a c t i v i t i e s  o f  NADPH-GDH and GOGAT w ere  
c a r r i e d  o u t u s in g  th e  fo rm u la  be low  :
( V o l .  o f  assay  m ix  ( m l ) )  X ( E x . /m in )
A c t i v i t y  = _________________________________________________  = U /m l
6 .2 2  X  V o l.  o f  enzyme e x t r a c t  (m l)
W here Ex is  th e  c o r r e c te d  r a t e  o f  NADPH o r  NADH d e c re a s e
p e r  m in .
A c t i v i t y  (U /m l)
S p e c i f i c  a c t i v i t y  = _____________________________________ = U/mg
P r o te in  c o n c e n tr a t io n  (m g /m l)
P r o t e in  w ere m easured u s in g  th e  B ra d fo rd
m ethod ( 4 8 ) .
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2 . 6 . 2  D e te r m in a t io n  o f  G lu ta m in e  s y n th e ta s e  (G S ) 
a c t i v i t y
GS a c t i v i t y  can  be m easured by th e  
r e v e r s ib le  fo r m a t io n  o f  % -g lu ta m y lh y d ro x a m a te  fro m
g lu ta m in e  and h y d ro x y la m in e  :
GS
g lu ta m in e  + NA2 OH y -g lu ta m y lh y d ro x a m a te  + NH4 +
The îf -g lu ta m y lh y d ro x a m a te  fo rm e d  in  th e  
r e a c t io n  g iv e s  a c o lo u re d  com plex w ith  Fe+++ s a l t s ,  w h ic h  
c o n c e n t r a t io n  can be d e te rm in e d  a t  500 nm ( T r a n s fe r a s e  
a c t i v i t y )  ( 3 6 ) .
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2 . 6 . 2 . 2 Assay c o n d it io n s
The f o l lo w in g  re a g e n ts  w ere p ip e t t e d  in t o  s m a ll  
tu b e s  :
A ssay m ix tu re  
G lu ta m in e  
T r i s  b u f f e r
0 .7  ml 
0 .1  ml 
0 .7  ml
The m ix tu r e  was in c u b a te d  f o r  15 
m in a t  37® C.
S to p  m ix tu r e 2 .0  ml
The ass ay  m ix tu re s  w ere  t r a n s f e r e d  t o  
c u v e t te s  and re a d  a t  500  nm a g a in s t  b la n k  p re p a re d  w ith  
b u f f e r  in s te a d  o f  s a m p le . 1 umol o f  g lu ta m in e  g iv e s  an 
ab s o rb a n c e  d i f f e r e n c e  com pared t o  b la n k  o f  0 .1 2 9  a t  500  
nm. A c a l i b r a t i o n  p l o t  was c o n s tru c te d  u s in g  G lu ta m in e  
s y n th e ta s e  (1 mg p r o t e in /m l  20 k U /m l) fro m  S igm a. ( F ig .  
2 . 6 . 2 ).
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c a l i b r a t i o n  p l o t .
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I iT • >1if
P e n ic i l l i n a s e  a c t i v i t i e s  w ere  d e te rm in e d  
in  a s im p le  and r a p id  f i x e d - t i m e  a ss ay  in  w h ich  th e  
p ro d u c t o f  p e n i c i l l i n  h y d r o ly s is  ( p e n i c i 11 in o ic  a c id )  
re d u c e s  io d in e  t o  io d id e  -  a  r e a c t io n  w h ich  is  d e te c te d  
c o l o r i m e t r i c a l l y  ( 5 0 ) , ( 5 1 ) .
2 . 6 . 3 . 1  B<eagisn.ts
1 -  s to c k  io d in e  s o lu t io n  : 0 .3 2  M io d in e  and 1 .2  M
p o ta s s iu m  io d id e  ( 2 0 .3  g o f  re s u b lim e d  io d in e  and 100 g
o f  p o ta s s iu m  io d id e  in  500 ml o f  d i s t i l l e d  w a te r )
2 -  Io d in e  re a g e n t  ; 5 ml o f  s to c k  io d in e  s o lu t io n
in  95 ml o f  a c e ta te  b u f f e r  pH 4 . 0  (A c e ta te  b u f f e r  : 80 g 
o f  an h yd ro u s  sodium  a c e ta te  a d ju s te d  t o  pH 4 .0  w ith  
a c e t ic  a c id  in  2 l i t r e s  o f  d i s t i l l e d  w a te r )
3 -  2 0 ,0 0 0  u n i t s  o f  P e n i c i l l i n - G  (B e n z y lp e n ic i  11 in
p o ta s s iu m  s a l t  fro m  S igm a) in  0 .5  ml o f  d i s t i l l e d  w a te r .
2 .6 .3 . 2  8.W.R. .^I!r.0.atôD.t.S
C u ltu r e  s u p e r n a ta n ts  w ere  o b ta in e d  by 
c e n t r i f u g a t io n  o f  5 ml o f  c u l t u r e  b ro th  (E p p e n d o rf 3 
m in /1 3 ,000  rp m ). The pH was a d ju s te d  t o  7 .0  by u s in g  0 .1  
M p h o sp h a te  b u f f e r .
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2 a 6 ■ 3 a 3
The f o l lo w in g  re a g e n ts  w ere  p ip e t t e d  in t o  tu b e s
C u ltu r e  s u p e rn a ta n t  2 .5  ml
P e n i c i l l i n  G s o l .  0 .5  ml
The assay  m ix tu re s  w ere  in c u b a te d  
f o r  30 m in
Io d in e  re a g e n t  5 ml
A f t e r  a  q u ic k  m ix th e  assay  
m ix tu re s  w ere  t r a n s f e r e d  to  
c u v e tte s  and re a d  a t  499 nm
T h re e  tu b e s  w ere  p re p a re d  s im u lta n e o u s ly
as c o n t r o ls  :
a  : P hosphate  b u f f e r  in s te a d  o f  s a m p le ,
b : P hosphate  b u f f e r  in s te a d  o f  p e n i c i l l i n  G.
c : P hosphate  b u f f e r  o n ly .
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A bsorbance o f th e c o n tr o l a = Aa
A bsorbance o f th e c o n tr o l b = Ab
A bsorbance o f th e c o n tr o l c = Ac
A bsorbance o f th e sam ple = As
The f i n a l  ab s o rb an ce  (F A ) was c a lc u la t e d  
f o l lo w in g  th e  e q u a t io n  below  :
FA = Aa -  (A c -  Ab) -  As
A c a l i b r a t i o n  p l o t  was c o n s tru c te d  
m e a s u rin g  th e  a c t i v i t y  o f  a  P e n ic i l l i n a s e  (B - la c ta m a s e  I ;  
EC 3 . 5 . 2 . 6 ,  B a c 1 1 Jus c e re u s  ty p e  I , p ro d u c t n® P 0389  fro m  
S ig m a) in  d i f f e r e n t  c o n c e n tr a t io n s  f o l lo w in g  th e  
p ro c e d u re s  d e s c r ib e d  above . ( F ig .  2 . 6 . 3 ) .
One u n i t  o f  a c t i v i t y  was d e f in e d  as th e  
am ount o f  enzyme w h ich  h y d ro ly z e s  1 umol o f  P e n i c i l l i n  G 
p e r  m in a t  pH 7 .0  a t  25® C.
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F i g u r e  2 . 6 . 3  : P e n i c i l l i n a s e  a c t i v i t y  
c a l i b r a t i o n  p l o t .
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2 • 7 3.0—Q^o^^oJkrii&ti^po—As^&y
P r o t e in  c o n c e n tr a t io n  was m easured u s in g  
th e  B ra d fo rd  r e a c t io n  ( 4 8 ) .  T h is  m ethod i s  a r a p id  and  
s e n s i t i v e  one f o r  th e  m easurem ent o f  m ic ro g ram  q u a n t i t i e s  t |
o f  p r o t e in  u t i l i s i n g  th e  p r in c ip le s  o f  p r o t e in -d y e
b in d in g .
2 . 7 . 1  Bem geot
100 mg Coom assie B r i l l a n t  b lu e  G d is s o lv e d  
in  50 ml 95% e th a n o l and m ixed f o r  20  m in . To t h i s  
s o lu t io n  100 ml 85% ( w /v )  p h o s p h o ric  a c id  was add ed . The  
s o lu t io n  is  d i lu t e d  t o  200 m l, th e n  f i l t e r e d  t w ic e .  The 
f i n a l  volum e i s  a d ju s te d  t o  1 l i t r e .
2 . 7 . 2  A asay .jCQO-ditlQas
The f o l lo w in g  re a g e n ts  w ere  p ip e t t e d  i n t o  tu b e s  :
P r o t e in  sam p le  0 .1  ml
B r a d fo r d  R e ag en t 5 .0  ml
A f t e r  5 m in in c u b a t io n  a t  room te m p e ra tu re  
t h e  a b s o rb a n c e s  w ere  re a d  a t  595 nm a g a in s t  a  b la n k  #
p re p a re d  w it h  b u f f e r  in s te a d  o f  sa m p le .
4
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The p r o t e in  c o n c e n tr a t io n  was d e te rm in e d  
a g a in s t  a c a l i b r a t i o n  p l o t  p r e -c o n s tr u c te d  w ith  known 
album en c o n c e n tr a t io n  sa m p le s .
The re a g e n t  was r e f i l t e r e d  and a new 
c a l i b r a t i o n  p lo t  c o n s tru c te d  e v e ry  2 w eeks. F ig u r e  2 .7  
shows one o f  th e  c a l i b r a t i o n  p lo t s  used d u r in g  th e  
r e s e a r c h .
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F i g u r e  2 . 7  5 P r o t e i n  c a l i b r a t i o n  p l o t
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The e n z y m a tic  d e te r m in a t io n  o f  g lu ta m a te  
and g lu ta m in e  u s in g  G lu ta m a te  d eh yd ro g en ase  was c a r r ie d  
o u t  as  d e s c r ib e d  by B ergm eyer ( 6 2 ) .
2 .6 .1  R.«i.a,gentJ5
1 -  A c e ta te  b u f f e r  ( 0 .5  M, pH 5 . 0 )
2 -  G lu ta m in e  (2  mM)
3 -  G lu ta m in a s e  (1 0  k U /L )  ( f ro m  E . c o l i ,  e s s e n t i a l l y
f r e e  fro m  g lu ta m a te  d e c a rb o x y la s e , g ra d e  V , p ro d u c t  n® 
G 888 0  fro m  S ig m a ).
4 -  T r i s /h y d r a z in e  b u f f e r  ( T r i s  0 .1  M; EDTA 2 mM;
h y d ra z in e  0 .6 3  M : 1 .2  g T r i s  p lu s  74 mg EDTA.Naz p lu s
w a te r  up t o  60 m l. Add 5 ml o f  h y d ra z in e  h y d r a te  62% 
( w /v )  and a d ju s t  pH t o  9 .0  w ith  HCl 5 M .)
5 -  NAD (3 0  mM) ( f ro m  y e a s t ,  g ra d e  I I I ,  p ro d u c t  n®
N 7004 fro m  S igm a)
6 -  ADP (1 0 0  mM) (so d iu m  s a l t  g ra d e  I I I ,  p ro d u c t  n® 
A 2754  fro m  S igm a)
7 -  G lu ta m ic  a c id  ( 0 . 2  mM)
8 -  G lu ta m a te  d eh yd ro g en ase  (G IDH 1200 k U /L , fro m
b e e f  l i v e r ,  co m m erc ia l p r e p a r a t io n  fro m  B o e h r in g e r  
M annheim )
9 -  P e r c h lo r ic  a c id  (10% ( v / v ) )
10 -  KOH (20%  ( w / v ) )
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2 . 8 . 2  P r e p a r a t io n  o f  e x t r a c t s
A l iq u o t s  o f  c e l l  c u l t u r e  (3  ml when th e  
medium was C l im i t e d  and 12 ml when i t  was N l im i t e d )
w ere  r a p id ly  c e n t r i fu g e d  (E p p e n d o rf 3 m in /1 3 ,0 00  rpm ) and 
th e  p e l l e t s  p o o le d  in  one tu b e  and ressu sp en d ed  in  1 ml 
o f  p e r c h lo r ic  a c id .  G la s s  beads ( 0 .4 5  -  0 . 6  mm) w ere  
added up t o  a p p ro x im a te ly  th e  same volum e as th e  p e l l e t .  
C e l ls  w ere b ro ke n  w ith  a v o r te x  m ix e r  f o r  3 m in .
S u p e rn a ta n ts  w ere  rem oved a f t e r  c e n t r i f u g a t io n  (E p p e n d o rf  
3 m in /1 3 ,000  rpm ) and n e u t r a l iz e d  w ith  20 % ( w /v )  KOH , 
f o l lo w in g  a p r e -c o n s t r u c te d  t i t r a t i o n  c u rv e  . ( T a b le  
2 . 8 . 2 ,  f i g .  2 . 8 . 2 ) .
2 . 8 . 3  Assay c o n d it io n s
2 . 8 . 3 . 1  E n z y m a tic  h y d r o ly s is
F o r each  s e r ie s  o f  m easurem ents th e
f o l lo w in g  w ere run  :
1 -  A b la n k  r e a g e n t  u s in g  0 .5  ml w a te r  in s te a d  o f
c e l l  e x t r a c t  o r  s ta n d a rd .
2 -  A g lu ta m in e  s ta n d a rd  u s in g  0 .1  ml g lu ta m in e
s o lu t io n  ( s o l .  2 )  and 0 . 4  ml w a te r ,  g iv in g  a  f i n a l  
c o n c e n t r a t io n  o f  0 . 4  mM.
60
P ro c e d u r e
The f o l lo w in g  re a g e n ts  w ere  p ip e t te d  in t o  s m a ll 
s to p p e re d  tu b e s  :
A c e ta te  b u f f e r 0 .2  ml
W a te r 0 .1  ml
G lu ta m in a s e 0 .2  ml
Sam ple c e l l  o r  s ta n d a rd 0 .5  ml
The assay  m ix tu r e s  w ere i  n cu b ated f o r  1 h a t
37® C . 0 .5  ml o f  each tu b e  w ere ta k e n  f o r
a ss ay  o f  g lu ta m a te .
2 m Ô m 3 m 2  .of
F o r each  s e r ie s  o f  m easurem ent th e
f o l lo w in g  w ere  run  :
1 “  A b la n k  r e a g e n t  u s in g  0 .5  ml w a te r  in s te a d  o f
e x t r a c t  c e l l s  o r  s ta n d a rd .
2 ~ A g lu ta m a te  s ta n d a rd  u s in g  0 .5  ml g lu ta m a te
s ta n d a rd  s o lu t io n  ( s o l .  7 ) .
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P r o c e d u re
F o llo w in g  re a g e n ts  w ere p ip e t te d in t o c u v e t te s
A B
T r is /h y d r a z in e  b u f f e r 1 ..0 ml 1 .0  ml
NAD s o lu t io n 0.. 1 ml 0 .1  ml
ADP s o lu t io n 0..01 ml 0 . 0 1  ml
W ate r 0..39 ml 0 . 3 9  ml
Sam ple a f t e r  h y d r o ly s is 0..5 ml -
Sam ple b e fo r e  h y d r o ly s is — 0 .5  ml
M ix  and re a d  ab s o rb an ce Ai (3 3 9 nm a g a in s t
d i s t i l l e d  w a t e r ) .
GIDH s o lu t io n 0 ..02 ml 0 . 0 2  ml
The ass a y  m ix tu re s  w ere  in c u b a te d  f o r  4 0  m in a t  
room te m p e ra tu re  and th e n  th e  a b s o rb a n c e s  Az 
w ere  m easured a t  th e  same c o n d it io n s  d e s c r ib e d  
b e f o r e .
F o r c a l c u l a t io n ,  à A was d e f in e d  as  Az -  A i ,  
c o r r e c t in g  f o r  re a g e n t  b la n k .
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aAa X  2 X  2 . 2  ( t o t a l  vo lu m e)
1 -  Cl = ______________________________________________  um ol/m l
6 . 2 2  X  0 . 5  ( e x t r a c t  o r  s ta n d a rd  v o l . )
a A b  X 2 . 2  ( t o t a l  v o lu m e )
2 -  Cz = ______________________________________________  um ol/m l
6 . 2 2  X 0 . 5  ( e x t r a c t  o r  s ta n d a rd  v o l . )
3 “ C3 = Cl -  Cz u m o l/m l.
Cl = G lu ta m a te  + G lu ta m in e
Cz = G lu ta m a te  um ol/m l
Ca = G lu ta m in e  u m o l/m l.
The v a lu e s  o b ta in e d  w ere  c o r r e c te d  f o r  th e  
e f f e c t  o f  d e p r o t e in is a t io n .
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T a b le  2 . 8 . 2  -  T i t r a t i o n  c u rv e  o f  P e r c h lo r ic  
a c id  (10% v / v )  w i t h  KOH (20% w / v )
P e r c h l . a c i d  
ml
KOH
ml
pH
10 — 1.1
1 . 0 1 . 2
2 . 0 1 . 2
3 . 0 1 . 2
4 . 0 1 . 3
4 . 5 1 . 5
4 . 7 2 . 2
4 . 7 5 7 . 3
4 . 8 11
X
a
1 5
12
0 1
K O H ( m l )
F i g u r e  2 . 8 . 2  : T f t t a t i o n  c u r v e  o f  P e r c h l o r i c  
a c i d  ( 10% v / v )  w i t h  KOH ( 20% w / v ) .
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2 .9  Ammonia M easurem ent
Ammonia was m easured u t i l i z i n g  K i t  N® 170 i
-  A fro m  S igm a.
2 . 9 . 1  P r e p a r a t io n  o f  e x t r a c t s 1
A l iq u o t s  o f  c e l l  c u l t u r e  (3  ml when th e  
medium was C l im i t e d  and 12 ml when i t  was N l i m i t e d )
w ere  c e n t r i fu g e d  (E p p e n d o rf 3 m in /1 3 ,000  rpm ) and th e
p e l l e t s  p o o le d  in  one tu b e  and ressu sp en d ed  in  1 ml o f
STCA 10% ( w / v ) .  G la s s  beads ( 0 . 4 5  -  0 . 5  mm) w ere  added up KIt o  a p p ro x im a te ly  th e  same volum e as th e  p e l l e t .  C e l l s  |
w ere  b ro k e n  w ith  a  v o r te x  m ix e r  f o r  3 m in . S u p e rn a ta n ts  
w ere  rem oved a f t e r  c e n t r i f u g a t io n  (E p p e n d o rf 3 m in /1 3 ,000  
rpm ) and n e u t r a l i z e d  w ith  P o tas s iu m  h yd ro gen  c a rb o n a te
(K H C 03)(20%  w / v ) f o l lo w in g  th e  p r e -c o n s t r u c te d  t i t r a t i o n  
c u rv e  . (T a b le  2 . 9 ,  f i g .  2 . 9 ) .
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T a b le  2 .9  
w i t h  KHCOa
T i t r a t i o n  c u rv e  o f  TCA 
(2 0  % w / v )
( 1 0  % w / v )
TCA KHC03 pH
ml ml
10 — 1 .1
1 .0 1 .2
2 .0 1 .3
3 .0 2 .2
4 . 0 6 .8
4 .1 7 .1
4 .2 7 .2
4 . 3 7 .4
X
CL
1 0
G
4
2
0
5432
K H c  D ( m l )
F i g u r e  2 . 9  : J f ' t t a t i o n  c u r v e  o f  TCA ( 10% w / v )
w i t h  KHCO* (20%  w / v )
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G lu c o se  was m easured by th e  N e ls o n 's  
c o lo r im e t r i c  m o d i f ic a t io n  o f  Somogy’ s m ethod ( 6 3 ) .
2.10.1 Reagent^
1 -  Low a l k a l i n i t y  co p p er re a g e n t  :
Sodium  t a r t r a t e  (1 2  g ) and anh ydrous sodium  c h lo r id e  (2 4  
g ) w ere  d is s o lv e d  in  250  ml w a te r .  A s o lu t io n  o f  4 .0  g o f  
c u p r ic  s u lp h a te  p e n ta h y d ra te  in  w a te r  was added w ith  
s t i r r i n g ,  fo l lo w e d  by 16 g o f  sodium  h yd ro g en  c a rb o n a te  . 
A s o lu t io n  o f  180 g o f  anh ydrous sodium  s u lp h a te  in  500  
ml o f  w a te r  was b o i le d  t o  e x p e l a i r  th e n  th e  two  
s o lu t io n s  w ere  com bined and d i lu t e d  t o  1 l i t r e .
2 -  A rs e n o m o ly b d a te  re a g e n t  :
To 25 g o f  ammonium m o ly b d a te  in  450  ml o f  w a te r  was 
added 21 ml o f  96% s u lp h u r ic  a c id ,  fo l lo w e d  by 3 g o f  
d is o d iu m  hyd ro gen  a rs e n a te  h e p ta h y d ra te  d is s o lv e d  in  25 
ml o f  w a te r .  The m ixed  s o lu t io n  was in c u b a te d  f o r  24 h a t  
37® C and s to r e d  p r o te c te d  fro m  l i g h t  in  a brown b o t t l e .
To 1 -5  ml o f  s u g a r  s o lu t io n  c o n ta in in g  n o t  
more th a n  0 .6  mg o f  g lu c o s e  o r  i t s  e q u iv a le n t  an eq u a l 
vo lum e o f  l o w - a l k a l i n i t y  c o p p e r re a g e n t  was added. 
Sam ples and b la n k s  ( w i t h  w a te r  in s te a d  o f  s u g a r s o lu t io n )  
w ere  h e a te d  f o r  10 m in in  a v ig o r o u s ly  b o i l in g  w a te r -b a th  
and th e n  c o o le d . 2 ml o f  a rs e n o m o ly b d a te  re a g e n t  was th e n  
added w ith  c a u t io n  and th e  tu b e s  w ere c a r e f u l l y  m ixed  
w ith  g la s s  ro d s  t o  d is s o lv e  th e  cu p ro u s  o x id e .  The 
s o lu t io n s  w ere  th e n  d i lu t e d  t o  20 ml and a llo w e d  t o  s ta n d  
f o r  15 m in a f t e r  w h ic h  a b s o rb an ce s  w ere  m easured a t  500  
nm.
A c a l i b r a t i o n  p l o t  was c o n s tru c te d  
u t i l i s i n g  g lu c o s e  s o lu t io n s  w ith  known c o n c e n t r a t io n s .  
( F ig .  2 . 1 0 ) .
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F i g u r e  2 - 1 0  : G l u c o s e  c a l i b r a t i o n  p l o t
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The maximum s p e c i f i c  g ro w th  r a t e  f o r  th e  
t h r e e  s t r a in s  was d e te rm in e d  as d e s c r ib e d  in  2 . 6 . 1 .
F ig u re s  3 .1 .1  t o  3 .1 .1 b  show th e  g ro w th  
c u rv e s  f o r  th e  t h r e e  d i f f e r e n t  s t r a in s  o f  S accharom yces  
c e r e v is ia e  used in  o u r  e x p e r im e n ts . Two o f  th em , AR2 and  
AR5, a r e  g e n e t i c a l l y  e n g in e e re d  s t r a in s ,  and th e  < 1278b  
i s  a  w i ld  ty p e  used as c o n t r o l .  T a b le  3 .1 .1  shows th e  
maximum s p e c i f i c  g ro w th  r a t e  f o r  th e  same s t r a i n s .  The  
w ild  ty p e  showed th e  h ig h e r  v a lu e  o f  u« : 0 . 2 7 / h .  The
v a lu e s  founded  f o r  AR2 and AR5 w ere  0 .2 0  and 0 . 2 1 / h ,  
r e s p e c t iv e ly .
The maximum s p e c i f i c  g ro w th  r a t e  o b ta in e d  
f o r  th e  w i ld  ty p e  i s  th e  same r e p o r te d  by R a ch er ( 6 4 )  
u t i l i s i n g  s i m i l a r  m edium, and o th e r  p u b lis h e d  v a lu e s  
( 6 5 ) .
AR2 and AR5 d e r iv e d  fro m  S accharom yces  
c e r e v is ia e  BC55 w h ich  i s  gdhr l e i r  . B o th  AR2 and AR6 
c a r r y  th e  p la s m id  pCYG4 w h ich  encodes th e  gene f o r  NADPH- 
GDH a c t i v i t y  (a b o u t  1 0 - f o ld  h ig h e r  th a n  th e  le v e l  o f
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NADPH-GDH a c t i v i t y  found  in  w i ld  ty p e  c e l l s  ( 5 4 )  ) and  
a ls o  th e  genes f o r  P e n ic i l l i n a s e  (m a rk e r )  and le u c in e  
p r o d u c t io n  . The absence o f  le u c in e  in  th e  medium is  a  
s e l e c t i v e  p re s s u re .
I t  has been re p o r te d  t h a t  c e l l s  w ith o u t  
p la s m id  may grow f a s t e r  th a n  th o s e  b e a r in g  p la s m id  ( 5 6 ) .  
Lee e .t ( 5 7 )  fo u n d  t h a t  S .c e r e v is ia e  s t r a i n  YNN 27
c a r r y in g  th e  p la s m id  pMHBS, w h ich  encodes th e  gene f o r  
HBsAg ( h e p a t i t i s  B v i r u s  s u r fa c e  a n t ig e n ) ,  showed a  
s p e c i f i c  g ro w th  r a t e  o f  0 . 3 9 / h .  The s t r a i n  w ith o u t  
p la s m id  had shown a s p e c i f i c  g ro w th  r a t e  o f  0 .4 2 /h  u n d er  
t h e  same g ro w th  c o n d it io n s  (1 0  g /1  y e a s t  e x t r a c t ,  20 g /1  
p e p to n  and 20 g /1  d e x t r o s e ) .  The e x t r a  p la s m id  p ro d u c ts  
( l i k e  p r o t e in s  o r  enzymes in v o lv e d  in  ami n o a c id  
b io s y n th e s is )  a s s o c ia te d  w ith  th e  number o f  p la s m id  p e r  
c e l l  may c o s t  th e  p i asm id - b e a r in g  c e l l s  a r e d u c t io n  in  
g ro w th  r a t e  com pared t o  c e l l s  w ith o u t  p la s m id .
C a u lc o t t  e t  ail ( 5 8 )  w o rk in g  w ith  E . c o l i  
HB101 c a r r y in g  pCT70, pCT66 o r  pCT54 ( p la s m id s  r e la t e d  
t o  th e  e x p re s s io n  o f  th e  M e t-p ro c h y m o s in  g e n e ) ,  fo u n d  
t h a t  c e l l s  b e a r in g  a  p la s m id  w h ich  does n o t  e x p re s s  M e t-  
p ro ch ym o s in  a t  h ig h  l e v e ls  have a s i g n i f i c a n t  g ro w th  
a d v a n ta g e  o v e r  th o s e  c e l l s  w h ich  s y n th e s iz e  la r g e  am ounts  
o f  th e  p r o t e in .  The Um o f  E , c o l i  b e a r in g  pCT70 , p la s m id  
w h ic h  shows a  h ig h  e x p re s s io n  l e v e l ,  was red u c ed  by 3 0 -  
35% as com pared w ith  th e  p la s m id - f r e e  c e l l s .  H o w ever, th e  
p re s e n c e  o f  pCT54 o r  pC T66, b o th  p la s m id s  o f  low
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e x p re s s io n  l e v e l ,  d id  n o t  red u c e  th e  g row th  r a t e  o f  th e
/
h o s t o rg a n is m . They c o n c lu d e d  t h a t  th e  demands made on 
th e  c e l l u l a r  p r o t e in  s y n t h e t ic  m a c h in e ry , ( in c lu d in g  
rib osom es and tRNA p o o ls )  c o u ld  be r e la t e d  t o  th e  
r e d u c t io n  in  th e  g ro w th  r a t e
The s lo w  g ro w th  o f  AR2 and AR6 com pared t o  
th e  w i ld  ty p e  < 1278b  can be r e la t e d  t o  th e  added  
m e ta b o lic  lo a d s  due t o  th e  p la s m id  encoded genes  
( P e n i c i l l i n a s e ,  enzymes o f  le u c in e  b io s y n th e s is ) .
AR5, how ever is  a d o u b le  m u ta n t w it h  v e r y  
low  GOGAT a c t i v i t y  com pared t o  th e  p a r e n te r a l  s t r a i n  
(B C 56) ( 6 4 ) .  A lth o u g h  th e  GS-GOGAT is  a  more
e n e r g e t i c a l l y  e x p e n s iv e  p athw ay f o r  ammonia a s s im i la t io n ,  
th e  absence o f  t h i s  p athw ay c o u ld  be r e la t e d  t o  th e  
s l i g h t l y  d i f f e r e n c e  in  th e  s p e c i f i c  g row th  r a t e s  betw een  
AR2 and AR5 .
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T a b le  3 . 1 . 1
B atch  c u l t u r e  o f  th r e e  s t r a in s  o f  
Saccharom yces c e r e v is ia e
S t r a in V e c to r U m a x
( / h )
W .ty p e 0 .2 7
AR2 (GOGAT+) pCYG4 0 .2 0
AR5 (GOGAT-) pCYG4 0 .2 1
CD
E
ÜJ
0]
QD
E
o
CD
3
B
3
0
0 1 2 15
T i m e  ( h )
F i g u r e  3 . 1 . 1  2 G r o w t h  c u r v e  f o r  AR2 s t r a i n  g r o w i n g
on MM + 2 0  mM Ammoni um S u l p h a t e  a t  30® C.
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F i g u r e  3 . 1 . 1 a  : Gr o wt h  c u r v e  f o r  AR5 s t r a i n  g r o w i n g  
on MM + 2 0  mM Ammonium S u l p h a t e  a t  30® C.
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F i g u r e  3 . 1 . 1 b  : Gr o wt h  c u r v e  f o r  3 1 2 7 8 b  w i l d  t y p e  
s t r a i n  g r o w i n g  on MM + 2 0  mM Ammoni um S u l p h a t e  a t  
30® C.
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Maximum s p e c i f i c  g ro w th  r a te s  f o r  AR2, AR5 
and th e  w i ld  ty p e  3 1278b w ere  d e te rm in e d  by w ashout 
k i n e t i c s  as d e s c r ib e d  in  2 .5 .  2 .  w ith  a d i l u t i o n  r a t e  o f  
0 . 3 5 / h  u n d er C l im i t e d  medium f o l lo w in g  m a in te n a n c e  o f  
s te a d y  s t a t e  f o r  a p p ro x im a te ly  48  h o u rs .
As can  be seen in  th e  T a b le  3 , 1 . 2 ,  th e  
w ild  ty p e  showed a g a in  th e  h ig h e s t  v a lu e  o f  u # , 0 .2 6 / h ,  
w it h  v a lu e s  o f  0 .1 8  and 0 . 1 9 /h  f o r  AR2 and AR5 
r e s p e c t iv e ly .  The p re s e n c e  o f  a p la s m id  and i t s  e f f e c t s  
in  th e  g ro w th  r a t e  o f  an o rg an ism  have a l r e a d y  been  
d is c u s s e d  ( 3 . 1 . 1 ) .  H ow ever, th e r e  was a s l i g h t l y  
d i f f e r e n c e  in  th e  maximum s p e c i f i c  g ro w th  r a t e s  f o r  th e  
same s t r a in s  d e te rm in e d  in  b a tc h  mode (T a b le  3 . 1 . 1 ) .
A lth o u g h  d u r in g  th e  e x p o n e n t ia l  phase in  
b a tc h  c u l t u r e  g ro w th  s h o u ld  o c c u r a t  th e  maximum r a t e ,  
th e  m ic ro o rg a n is m s  a r e  s u b je c te d  to  c o n tin u o u s  changes in  
i t s  e n v iro n m e n t. The s u b s t r a te  c o n c e n t r a t io n  is  
c o n s ta n t ly  d e c re a s in g  and i n h ib i t o r y  m e ta b o l ic  p ro d u c ts  
w i l l  a c c u m u la te  ( 4 5 ) .  The g ro w th  w ith  exc e s s  o f  s u b s t r a te  
i s  fo l lo w e d  r a p i d l y  by n u t r i e n t  s t a r v a t io n .
The d e te r m in a t io n  o f  maximum s p e c i f i c  
g ro w th  r a t e  by w ash o u t w ith  c o n tin u o u s  c u l t u r e  r e q u ir e s  
a d i l u t i o n  r a t e  w h ich  i s  h ig h e r  th a n  th e  c r i t i c a l  
d i l u t i o n  r a t e  (D > D c ). O b v io u s ly  a s te a d y  s t a t e  w i l l  n o t
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be m a in ta in e d ,  b u t th e r e  w i l l  be n e i t h e r  s t a r v a t io n  n o r  
a c c u m u la tio n  o f  p o s s ib le  i n h ib i t o r y  p ro d u c ts  ( e . g .
e t h a n o l ) .  I t  seems th e n  t h a t  r e s u l t s  o b ta in e d  by
c o n tin u o u s  c u l t u r e  e x p e r im e n ts  a r e  more a c c u r a te  th a n  
th o s e  o b ta in e d  by b a tc h  mode ( 4 5 ) .
The c o n tin u o u s  c u l t u r e  was chosen f o r  th e  
s u b s e q u e n t e x p e r im e n ts  because t h i s  c u l t i v a t i o n  te c h n iq u e  
e n a b le s  an a n a ly s is  o f  p h y s io lo g ic a l  s t a t e s  o f  o rg a n ism s  
u n d e r s te a d y  s t a t e  c o n d it io n s  w here p a ra m e te rs  l i k e  pH
and n u t r i e n t  c o n c e n tr a t io n  re m a in s  c o n s ta n t  f o r  a  h ig h  
number o f  g e n e r a t io n s .
C o n tin u o u s  c u l t u r e  have been used m o s tly  
in  th e  d e v e lo p m e n t o f  b a tc h  and f e d - b a t c h  p ro d u c t io n  
o p t im iz a t io n  . H ow ever, because th e  e n v iro n m e n ta l
c o n d it io n s  t h a t  p r e v a i l  in  a c o n tin u o u s  f lo w  system  a r e  
q u i t e  d i f f e r e n t  fro m  th o s e  in  c lo s e d  sys te m  c u l t u r e s ,  
m ic ro o rg a n is m s  may e x p re s s  p r o p e r t ie s  t h a t  th e y  do n o t  
e la b o r a t e  in  b a tc h  c u l t u r e ,  so t h a t  new and u n e x p e c te d
f e a t u r e s  o f  m ic r o b ia l  b e h a v io u r  may be e x p lo i t e d  ( 5 9 ) .
A ls o  th e  u s e fu ln e s s  o f  c o n tin u o u s  f lo w  
sys tem s t o  s tu d y  th e  s t a b i l i t y  o f  g e n e t i c a l l y  e n g in e e re d  
s t r a in s  c a n n o t e a s i l y  be o v e r e s t im a te d .
P la s m id s  a r e  f in d in g  w id e s p re a d  use as
v e c to r s  f o r  c lo n in g  DNA . H o w ever, th e  p o t e n t ia l  o f  t h i s  
te c h n iq u e  w ou ld  be h ig h ly  d e c re a s e d  i f  th e  re c o m b in a n t
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p la s m id  e x h i b i t  e i t h e r  s t r u c t u r a l  o r  h e r e d i t a r y  
i n s t a b i l i t y .  F u r th e rm o re , f o r  p la s m id s  p re s e n t  a t  low  
copy number th e  fre q u e n c y  o f  p la s m id - f r e e  c e l l s  i s  
e x p e c te d  t o  be h ig h . A ls o  th e  p r o b a b i l i t y  o f  p ro d u c in g  a  
p la s m id - f r e e  c e l l  a t  e v e ry  d i v is io n  rem ain s  unchanged, 
and p la s m id - f r e e  c e l l s  w i l l  be p rodu ced  a t  c o n s ta n t  
r a t e . ( 6 0 ) .
The re q u ire m e n t f o r  an a n a ly s is  o f  th e  
p e rfo rm a n c e  o f  re c o m b in a n t o rg an ism s  u n d er s im u la te d  
p ro c e s s e s  may be o f  c r u c ia l  im p o rta n c e  f o r  th e  i n d u s t r ia l  
a p p l ic a t io n  o f  g e n e t ic a l l y  e n g in e e re d  s t r a in s .  The o n ly  
a l t e r n a t i v e  te c h n iq u e  t o  s tu d y  th e  p la s m id  s t a b i l i t y  i s  
th e  re p e a te d  s u b -c u lt u r e  o f  p la s m id -c o n ta in in g  s t r a i n s .  
B u t in  t h i s  c a s e , c e l l s  change betw een c o n d it io n s  o f  
n u t r i e n t s  e x c ess  and n u t r ie n t s  s t a r v a t io n ,  w h ich  m ig h t  
in d u c e s  a v a r i a t io n  in  th e  d e g re e  o f  c o m p e t it io n  betw een  
p la s m id -b e a r in g  and p la s m id  f r e e  c e l l s .  A ls o  th e  
d e te r m in a t io n  o f  th e  number o f  g e n e r a t io n s  i s  n o t  
a c c u r a te  and th e  r is k  o f  c o n ta m in a t io n  is  in c re a s e d .
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T a b le  3 . 1 . 2
Maximum s p e c i f i c  g ro w th  r a t e s  d e te rm in e d  
d u r in g  c h e m o s ta t ic  e x p e r im e n ts  u n d er C 
l im i t e d  medium a t  D = 0 .3 5 /h
S t r a in V e c to r Umax
( / h )
W .ty p e 0 .2 6
AR2 (GOGAT+) PCYG4 0 .1 8
AR5 (GOGAT-) PCYG4 0 .1 9
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F i g u r e  3 . 1 . 2  : Wash o u t  o f  AR2 c e l l s  g r o w i n g  on 
c a r b o n  ! i m i t a t  i o n .
D = 0 . 3 5 / h .
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F i g u r e  3 , 1 . 2 8  : Wash o u t  o f  AR5 c e i l s  g r o w i n g  
on c a r b o n  I i m i t a t i o n ,
D = 0 . 3 5 / h .
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F i g u r e  3 . 1 . 2 b  : Wash o u t  o f  < 1 2 7 8 b  c e i l s  
g r o w i n g  on c a r b o n  l i m i t a t i o n .
D =: 0 .  3 5 / h  .
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P la s m id s  a r e  au tono m o usly  r e p l i c a t i n g  
g e n e t ic  e le m e n ts  w h ich  c o n fe r  new p h e n o typ es  on t h e i r  
h o s t c e l l s .  They can be c a te g o r is e d  on th e  b a s is  o f  t h e i r  
b e in g  m a in ta in e d  a t  a h ig h  copy number p e r  c e l l  ( r e la x e d  
p la s m id s )  o r  as a low  number o f  c o p ie s  p e r  c e l l  
( s t r i n g e n t  p la s m id s ) .
I f  th e  p la s m id -b o rn  genes a r e  t o  re m a in  in  
th e  g e n e t ic  po o l th e r e  m ust be an e f f i c i e n t  m echanism  f o r  
s e g re g a t io n  o f  p la s m id s  a t  c e l l  d i v i s io n .  In  th e  absence  
o f  an a c t iv e  m echanism  th e  p r o b a b i l i t y  P (0 )  o f  d a u g h te r  
c e l l  f a i l i n g  to  i n h e r i t  a  p la s m id  is  g iv e n  by th e  
b in o m ia l d i s t r i b u t i o n  :
P (0 )  = 2 ( 1 /2 ) c
w here c is  th e  number o f  p la s m id  p e r  c e l l  a t  d iv is io n
( 6 1 ) .  O b v io u s ly , th e  f r a c t i o n  o f  p la s m id - f r e e  c e l l s  
r e l a t e s  d i r e c t l y  t o  th e  copy num ber. F o r h ig h  number o f  
c o p ie s ,  a low  fre q u e n c y  o f  p la s m id - f r e e  c e l l s  i s  
e x p e c te d .
S t a b i l i t y  may be d e f in e d  as  th e  a b i l i t y  o f  
p la s m id -b e a r in g  c e l l s  t o  m a in ta in  p la s m id s  unchanged  
d u r in g  t h e i r  g ro w th , m a n ife s t in g  t h e i r  p h e n o ty p ic  
c h a r a c t e r is t i c s  . The s t a b i l i t y  o r  i n s t a b i l i t y  o f  p la s m id  
may be a f f e c t e d  by s e v e r a l  f a c t o r s  such as g ro w th  r a t e ,  
g e n e t ic  c h a r a c t e r is t i c s ,  e n v iro n m e n ta l c o n d i t io n s ,  e t c .
( 6 2 )  , ( 6 3 )  , ( 6 4 )  .
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H orn e t  ...a l ( 6 5 ) ,  work i ng w ith  E . c o l i  K12 
h a rb o u r in g  th e  p la s m id s  pUR 290  and FB 99 o b ta in e d  a h ig h  
s e g r e g a t io n a l  s t a b i l i t y  ( n e a r ly  100%) u s in g  fe d  b a tc h  
c u l t i v a t i o n .
One way o f  m a x im iz in g  th e  d e n s ity  o f  
p la s m id  c o n ta in in g  c e l l s  i s  t o  a s s u re  g ro w th  a d v a n ta g e s  
t o  them  ( 6 6 ) .  I f  th e  h o s t c e l l  b e a rs  a d e f e c t iv e  gen e, 
th e  p ro d u c t o f  t h i s  gene (c o m p lem en tin g  p r o d u c t)  in  th e  
p la s m id  w ould  f u n c t io n  as a p re s s u re  f a c t o r  in  a
s e l e c t i v e  m edium . C e l l s  w ith o u t  co m plem enting  p ro d u c t  
w ould  n o t grow in  a s e l e c t i v e  medium ( t h a t  i s ,  w ith o u t  
th e  co m p lem en tin g  p r o d u c t)  ( 6 7 ) .
O s c i l l a t io n s  w ere  p re s e n t  in  th e  NADPH-GDH 
a c t i v i t i e s  f o r  AR2 and AR5 s t r a in s  g ro w in g  u n d er C and N 
l im i t e d  m ed ia  ( F i g s . 3 . 2 . 2  a  t o  3 . 2 . 2 o ) .  They a r e  p ro b a b ly  
due t o  s e g r e g a t io n a l  i n s t a b i l i t y  o f  th e  p la s m id  pCYG4 in  
th e s e  m ic ro o rg a n is m s .
In  c o n tin u o u s  c u l t u r e ,  a t  s te a d y  s t a t e ,
th e  s p e c i f i c  g ro w th  r a t e  i s  d e te rm in e d  by th e  d i l u t i o n  
r a t e  (u  = D ) ( 4 6 ) .  In  o u r  e x p e r im e n ts  th e  o s c i l l a t i o n s  
w ere  more e v id e n t  a t  h ig h  v a lu e s  o f  D (D  = 0 . 1 5 / h ) .
K le in m an  a t  a il.  ( 6 8 )  w o rk in g  w ith  Saccharom yces
c e r e v is ia e  c a r r y in g  th e  p la s m id  pJ0B248 fo u n d  t h a t  th e  
p la s m id  was m ore s t a b le  a t  h ig h e r  g row th  r a t e s  th a n  i t  
was a t  lo w e r  g ro w th  r a t e s .  B u t i t  has been shown t h a t  f o r  
d i f f e r e n t  p la s m id s  and h o s t  c e l l s ,  th e  p la s m id  copy
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number can in c r e a s e  o r  d e c re a s e  w ith  te m p e r a tu r e ,  
d i l u t i o n  r a t e  and o t h e r  p a ra m e te rs  ( 6 9 ) .  Im p o o ls u p  e t  m l |
( 7 0 )  r e p o r te d  t h a t  th e  s t a b i l i t y  o f  th e  p la s m id  pL G 668-z
in  Saccharom yces c e r e v is ia e  d e c re a s e d  w ith  in c r e a s in g  
g ro w th  r a t e  in  c o n tin u o u s  c u l t u r e .  These r e s e a r c h e r s  #
fo u n d  t h a t  th e  m a jo r  e f f e c t  o f  th e  g ro w th  r a t e  d i f f e r e n c e
:
is  t h a t  once th e  p la s m id  f r e e  c e l l s  a r e  fo rm e d  by i
s e g r e g a t io n a l  f a i l u r e  a t  c e l l  d i v i s io n ,  th e y  te n d  t o  |
d o m in a te  th e  p o p u la t io n  due t o  t h e i r  h ig h e r  g ro w th  r a t e .
The e x c e s s  m e ta b o l ic  lo a d  due t o  th e  re q u ire m e n t  t o
r e p l i c a t e  and e x p re s s  th e  e x t r a  DNA r e s u l t s  in  a  s lo w e r  
s p e c i f i c  g ro w th  r a t e  o f  p la s m id  c o n ta in in g  c e l l s .  They  
a ls o  s u g g e s t t h a t  as th e  c e l l s  a r e  g ro w in g  f a s t e r ,  th e y  
make m ore m is ta k e s  d u r in g  each  c e l l  d i v i s io n  w it h  le s s  
t im e  t o  c o r r e c t  th em . T h a t w ould  r e s u l t  in  h ig h e r  le v e ls  
o f  s e g r e g a t io n a l  i n s t a b i l i t y  a t  h ig h e r  g ro w th  r a t e s .
A c c o rd in g  t o  S a ty a g a l e t  m l. ( 7 1 ) ,  th e
p la s m id  c o n c e n t r a t io n  c o u ld  be d e te rm in e d  th ro u g h  th e
f o l lo w in g  e q u a t io n  :
VO
Pb = ___________  — K r
U + Kh
W here :
Ps = p la s m id  c o n c e n t r a t io n  
V® = m axim al r a t e  o f  p la s m id  s y n th e s is
Kr = s a t u r a t io n  c o n s ta n t  (s in c e  th e  p la s m id  r e p l i c a t i o n  
i s  a  c e l l u l a r  e n z y m a tic  r e a c t io n )
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Kh = a m easure o f  th e  dependence o f  th e  p la s m id  on th e  
h o s t  c e l l  f o r  r e p l ic a t i o n  ( l a r g e  v a lu e s  f o r  t h i s  
p a ra m e te r  m eaning g r e a t e r  re q u ire m e n t o f  h o s t  fu n c t io n s  
f o r  r e p l i c a t i o n  ) .
The model p r e d ic t s  t h a t  th e  p la s m id  c o n c e n tr a t io n  
d e c re a s e s  w ith  an in c re a s e  in  th e  s p e c i f i c  g ro w th  r a t e .  
The model was a p p l ie d  t o  d a te  r e p o r te d  by Engberg and 
N o rd s tro m  ( 7 2 )  who c u l t iv a t e d  E . c o l i  c e l l s  h a rb o u r in g  th e  
p la s m id  R1 - d r d  19 and R l -d r d  19B2 in  b a tc h  c u l t u r e s  w ith  
d i f f e r e n t  m edia r e s u l t in g  in  d i f f e r e n t  g ro w th  r a t e s .  The  
r e s u l t s  p r e d ic te d  by th e  model w ere  v e ry  c lo s e d  t o  th o s e  
r e p o r te d  by th e  r e s e a r c h e r s .  H o w e v e r ,, in  c o n tin u o u s  
c u l t u r e  th e  n u t r i t i o n a l  c o n d it io n  o f  th e  e n v iro n m e n t  
becomes a v e ry  im p o r ta n t  d e te r m in a n t  o f  c e l l u l a r  
b e h a v io u r .  Then , th e  e f f e c t  o f  n u t r i e n t  l i m i t a t i o n  has t o  
be ta k e n  in  a c c o u n t. The a u th o rs  p ropo sed  th e  f o l lo w in g  
e q u a t io n  t o  be used und er c o n tin u o u s  c u l t u r e  :
V® u"
Ps = ____________________  — Kr
(U  +  Kb )  Us "
W here n in d ic a t e s  th e  dependence on th e  l im i t i n g  
s u b s t r a t e .
The model was a p p l ie d  t o  d a te  r e p o r te d  by K o izum i and  
c o w o rk e rs  ( 6 4 )  who c u l t i v a t e d  B .s te a r o th e r m o p h ilu s  
h a r b o r in g  p la s m id  p L P II in  c o n tin u o u s  c u l t u r e  a t  
d i f f e r e n t  d i l u t i o n  r a t e s  and a t  d i f f e r e n t  te m p e r a tu r e s . 
I t  was o b s e rv e d  t h a t  th e  v a lu e  o f  th e  e x p o n en t n
80
in c r e a s e s  w ith  an in c r e a s e  in  te m p e ra tu re .  A ls o , th e  
p la s m id  c o n c e n t r a t io n  was h ig h e r  f o r  h ig h e r  v a lu e s  o f  
d i l u t i o n  r a t e .  They fo u n d  t h a t  a t  44® C th e  p la s m id  
c o n te n t  was 0 .2  mg/mg c e l l s  a t  a  d i l u t i o n  r a t e  o f  0 . 5 / h ,  
and n e a r ly  0 .4  mg/mg c e l l s  a t  a d i l u t i o n  r a t e  o f  1 /h .  Our 
e x p e r im e n ts  showed h ig h e r  NADPH-GDH a c t i v i t i e s  a t  h ig h e r  
d i l u t i o n  (g ro w th )  r a t e s  in  a g ree m en t w ith  K o izum i e.t*....„m.l - 
AR2 and AR5 have p la s m id -b o rn  NADPH-GDH a c t i v i t y .  Both  
s t r a in s  g ro w in g  e i t h e r  on C o r  N l i m i t a t i o n  showed 
e n z y m a tic  a c t i v i t i e s  w h ich  w ere  n e a r ly  2 t im e s  h ig h e r  
(a b o u t  12 U /m g) a t  d i l u t i o n  r a t e  o f  0 .1 5 /h  th a n  th o s e  
a c t i v i t i e s  a t  D = 0 .0 5 / h .
I t  has a ls o  been r e p o r te d  t h a t  even  i f  th e  
r e p l i c a t i o n  o f  th e  p la s m id  DNA and i t s  m e ta b o lic  lo a d s  
does n o t  c o n fe r  g ro w th  d is a d v a n ta g e s  f o r  th e  p la s m id -  
c a r r y in g  c e l l ,  th e  gene e x p re s s io n  may do i t ,  A w i ld  ty p e  
s t r a i n  o f  Pseudomonas p u t id a  PPK1 c a r r y in g  a no n - 
c o n ju g a t iv e  TOL p la s m id  (w h ic h  c a r r i e s  genes f o r  th e  
c a ta b o lis m  o f  to lu e n e  , nt- and p -x y le n e  and t h e i r  
in te r m e d ia te s  ) showed s t a b le  m a in te n a n c e  o f  th e  p la s m id  
up t o  600  h u n d er s u c c in a te  l i m i t a t i o n .  In  th e s e  
c o n d it io n s  th e  enzymes o f  th e  a ro m a tic  pathw ays a r e  n o t  
in d u c e d  . The same p la s m id  was lo s t  d u r in g  b e n z o a te  
l i m i t e d  g ro w th . In  t h i s  c a s e , th e  p la s m id  was more s t a b le  
when th e  c a t a b o l ic  genes w ere  n o t  e x p re s s e d  . ( 7 3 )  .
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E n v iro n m e n ta l c o n d it io n s  may em p h as ize  any  
g ro w th  r a t e  a d v a n ta g e  possessed  by p la s m id - f r e e  o r  
p la s m id -b e a r in g  c e l l s .  AR2 and AR5 d e r iv e d  fro m  
S accharom yces c e r e v is ia e  BC55 w h ich  is  7etr (s e e  2 . 1 ) .  
The medium u t i l i z e d  in  th e  c o n tin u o u s  c u l t u r e  e x p e r im e n ts  
d id  n o t  c o n ta in  any a m in o a c id s . C o n s e q u e n tly , c e l l s  
w ith o u t  th e  p la s m id  pCYG4 ( w i t h  gene f o r  le u c in e ,  th e  
co m p lem en tin g  p ro d u c t)  w ould  n o t grow . H o w ever, a t  h ig h  
d i l u t i o n  r a t e  a t  0  o r  N as l i m i t i n g  g ro w th , th e  a c t i v i t y  
o f  NADPH-GDH and P e n ic i l l i n a s e  r i s e s ,  s u g g e s tin g  an  
in c r e a s e  o f  p la s m id  copy number in  th e  c e l l s .  As a 
consequence th e  co m p lem en tin g  p ro d u c t  c o n c e n t r a t io n  w i l l  
in c r e a s e  to o ,  fo llo w e d  by an in c r e a s e  in  th e  p o p u la t io n  
o f  p la s m id  f r e e  c e l l s ,  w h ich  can grow f a s t e r .  T h a t  w i l l  
le a d  t o  a  d e c re a s e  in  th e  c o n c e n t r a t io n  o f  le u c in e .  As i t  
was s a id  p r e v io u s ly ,  c e l l s  w ith o u t  p la s m id  c a n n o t grow in
th e  absence o f  le u c in e ,  t h e r e f o r e  th e  p o p u la t io n  o f
p la s m id  b e a r in g  c e l l s  te n d  t o  in c r e a s e  a g a in .
O s c i l l a t io n s  have a ls o  been r e p o r te d  in  
c h e m o s ta t c u l t u r e s  o f  Saccharom yces c e r e v is ia e  b e a r in g  no 
c h im e r ic  p la s m id s  . P o rro  e t  a l  ( 7 4 )  r e p o r te d  t h a t  th e  
p e r io d  o f  th e  o s c i l l a t i o n s  seemed t o  be r e la t e d  t o  th e  
mass d o u b lin g  t im e ,  show ing  a  r e la t io n s h ip  w it h  th e  
p a r e n t  c e l l s  and d a u g h te r  c e l l s  g e n e r a t io n  t im e  
H o w ever, in  t h a t  r e s e a r c h , a p p a r t  fro m  th e  s t i r r i n g  t h e r e
was no c o n t r o l  o f  th e  oxygen s u p p ly . The a u th o rs
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c o n c lu d e d  t h a t  th e  o s c i l l a t i o n s  w ere r e la t e d  t o  a 
c o n d it io n  o f  g ro w th  t h a t  does n o t a l lo w  a f u l l y  
r e s p i r a t o r y  m e ta b o lis m  o f  g lu c o s e  d u r in g  s p e c i f i c  phases  
o f  c e l l  c y c le ,  such as th e  bud em ergence .T h e  com plex  
changes o f  th e  c e l l  p o p u la t io n  w ere d e m o n s tra te d  by 
c o n tin u o u s  and p e r io d ic  m o d i f ic a t io n  o f  c e l l  vo lum e and 
p r o t e in  d i s t r i b u t i o n .
H o w e v e r ,in  o u r e x p e r im e n ts  th e  oxygen  
c o n c e n tr a t io n  was k e p t  c o n s ta n t  a t  30% d u r in g  th e  w hole  
t im e  o f  th e  e x p e r im e n ts . A ls o , t h e  o s c i l l a t i o n s  d e te c te d  
f o r  NADPH-GDH w ere " in  phase" w ith  o s c i l l a t i o n s  in  
P e n ic i l l i n a s e  a c t i v i t y ,  w h ich  i s  a ls o  p la s m id  encoded  
(S e e  F ig s ,  3 ,2  and 3 . 2 a ) .  They w ere  f a r  more e v id e n t  th a n  
o s c i l l a t i o n s  r e la t e d  t o  b iom ass . T h is  w ould  in d ic a t e  
t h a t  th e  e n z y m a tic  o s c i l l a t i o n s  a r e  b e t t e r  e x p la in e d  by 
th e  in c re a s e  o f  th e  c o n c e n t r a t io n  o f  c e l l s  w ith  o r  
w ith o u t  p la s m id  f o l lo w in g  th e  a v a i l a b i l i t y  o f  th e  
com p lem en tin g  p ro d u c t in  th e  medium. The a m p litu d e  o f  th e  
o s c i l l a t i o n s  may be a  consequence o f  an in v e r s e  r e l a t i o n  
b etw een  g row th  r a t e  and p la s m id  s t a b i l i t y  , p ro b a b ly  due 
t o  s e g r e g a t io n a l  i n s t a b i l i t y .
The p la s m id  seems t o  be more s t a b le  in  AR5 
a t  h ig h  v a lu e s  o f  d i l u t i o n  r a t e  th a n  in  AR2. I t  may be 
due t o  th e  absence o f  th e  second pathw ay f o r  ammonia 
a s s im i la t io n  (GOGAT p a th w a y ) in  th e  f i r s t  s t r a i n .
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F i g u r e  3 . 2  : P e n i c i l l i n a s e  ( m U / m I ) ( X  )
and NADPH-GDH ( U / m g )   ^<j> ) a c t i v i t i e s  o f  
AR2 c e l l s  g r o w i n g  on c a r b o n  l i m i t a t i o n .
D = 0 , 1 5 / h .
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F i g u r e  3 . 2 a  : P e n i c i l l i n a s e  ( m U / m l )  ( x ) 
and NADPH-GDH ( U / m g )  ( □ )  a c t i v i t i e s  o f  
APS c e l l s  g r o w i n g  on c a r b o n  l i m i t a t i o n .
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D = 0 - 1 5 / h .
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NADPH-GDH a c t i v i t y  was t e s t e d  a t  f o u r  
d i f f e r e n t  d i l u t i o n  r a t e s  ( 0 . 0 5 ,  0 .1 0 ,  0 .1 5  and 0 . 2 0 / h )
f o r  AR2 and AR5 s t r a i n s .  The a c t i v i t y  in c re a s e d  
p r o p o r t io n a l ly  t o  th e  d i l u t i o n  r a t e  f o r  b o th  s t r a in s  
( F i g s . 3 .3  t o  3 . 3 g ) .  These r e s u l t s  a g re e  w ith  C a u lc o t t  
( 7 5 ) ,  who p o in te d  o u t  t h a t  th e  a c t i v i t y  o f  NADPH-GDH in  
y e a s t  in c re a s e s  w it h  in c r e a s in g  d i l u t i o n  r a t e ,  w h ich  
c o rre s p o n d s  t o  in c r e a s in g  in  th e  s p e c i f i c  g ro w th  r a t e .  I t  
was fo u n d  t h a t  u n d e r c a rb o n  l i m i t a t i o n ,  th e  a c t i v i t y  was 
m axim al when th e  d i l u t i o n  r a t e  was a p p ro x im a te ly  0 . 1 5 / h ,  
w h ic h  was a ls o  d e te c te d  in  o u r  e x p e r im e n ts .
When th e  d i l u t i o n  r a t e  was a p p ro x im a te ly  
0 . 2 / h ,  i t  was to o  c lo s e d  t o  th e  umax d e te c te d  in  b a tc h  
e x p e r im e n ts  (T a b le  3 . 1 . 1 ) ,  and even above th e  v a lu e s  
d e te c te d  by c h e m o s ta t ic  mode (T a b le  3 . 1 . 2 ) .  In  t h a t  c a s e ,  
th e  system  was u n s ta b le ,  and a lth o u g h  th e  a c t i v i t i e s  w ere  
h ig h  a t  th e  b e g in n in g , t h e r e  was w ashout o f  c e l l s  w ith  
c o n s e q u e n t lo s s  o f  NADPH-GDH a c t i v i t i e s . .
O s c i l l a t i o n s  w ere  d e te c te d  f o r  NADPH-GDH 
a c t i v i t i e s  o f  AR2 and AR5, and as i t  has a lr e a d y  been  
d is c u s s e d  ( 3 . 2 . 2 )  th e y  a r e  p ro b a b ly  due t o  p la s m id -  
b e a r in g  and p la s m id - f r e e  c e l l s  c o m p e t i t io n .
T a k in g  a v e ra g e  v a lu e s  o f  th e  AR2 and AR5 
NADPH-GDH a c t i v i t i e s  u n d e r 0 .0 5 ,  0 .1 0  and 0 . 1 5 / h ,  no
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c o n s id e r a b le  d i f f e r e n c e s  w ere  d e te c te d .  L o m n itz  e^  a j ,  |
w o rk in g  w ith  N e u ro s p o ra  c ra s s a  ( w i ld  ty p e  and a GOGAT“ 
m u ta n t)  u n d e r ammonia e x c e s s  c o n d it io n s ,  d e te c te d  o n ly  a  I
.4-s l i g h t l y  in c re a s e  in  th e  e n z y m a tic  a c t i v i t y  o f  th e  m u ta n t f
com pared t o  th e  w i ld  ty p e  ( 7 6 ) .  1
NADPH-GDH a c t i v i t y  f o r  w i ld  ty p e  was |
t e s t e d  f o r  d i l u t i o n  r a t e  o f  0 .1 5 /h  o n ly  (S ee  f i g . 3 . 3 h ) .
IAs i t  was e x p e c te d , u n d er th e  same c o n d it io n s  AR2 and AR5 showed a c t i v i t i e s  w h ich  w ere  n e a r ly  5 - f o l d  h ig h e r  , due  
t o  th e  p re s e n c e  o f  pCYG4 p la s m id  in  th e s e  s t r a i n s ,
GOGAT a c t i v i t y  was a b o u t 8% o f  th e  NADPH-
GDH d e te c te d  f o r  th e  w i ld  ty p e  ( F i g . 3 . 3 h ) , i n  ag re e m e n t |
$w it h  Roon e t  sH ( 2 5 )  who o b s e rv e d  t h a t  l e v e ls  o f  GOGAT #'I
a r e  a p p ro x im a te ly  1 0 - f o ld  lo w e r th a n  th e  maximum le v e l  o f  
a c t i v i t y  f o r  NADPH-GDH
As th e  p re s e n c e  o f  th e  p la s m id  pCYG4 in  |
'I
AR2 in c r e a s e s  a b o u t 5 - f o l d  t im e s  i t s  NADPH-GDH a c t i v i t y  
( b u t  n o t  th e  GOGAT o n e ) ,  f o r  e v e ry  te s t e d  d i l u t i o n  r a t e  
th e  l e v e l s  o f  GOGAT a c t i v i t y  w ere  le s s  th a n  1% o f  th e  
d e te c te d  NADPH-GDH ( F i g . 3 .3  t o  3 . 3 . b ) .
GOGAT a c t i v i t i e s  f o r  AR2 d id  n o t  show th e  
same le v e l  o f  o s c i l l a t i o n s  d e te c te d  f o r  NADPH-GDH. As %
■iGOGAT a c t i v i t y  in  t h i s  s t r a i n  is  n o t  p la s m id  e n c o d e d ,th e  f
o s c i l l a t i o n s  a r e  p ro b a b ly  r e la t e d  to  o s c i l l a t i o n s  in  
b iom ass . I t  has a lr e a d y  been d e m o n s tra te d  t h a t  f a c t o r s
I
i
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i
l i k e  th e  bud em ergence m ig h t a f f e c t  th e  s t a b i l i t y  o f  th e  
b io m ass , w ith  a m arked d eg re e  o f  s y n c h r o n iz a t io n  betw een |
th e  b u d d ing  in d e x  and th e  o s c i l l a t o r y  c y c le s  ( 7 4 ) , ( 7 7 )
( 7 8 ) .  I
■t
GOGAT a c t i v i t y  was n o t d e t e c t a b le  in  AR5 
g ro w in g  u n d er ca rb o n  l im i t e d  c u l t u r e s .
A lth o u g h  GS is  th e  o n ly  way t o  s y n th e s iz e  
g lu ta m in e ,  and i s  a ls o  an im p o r ta n t  e le m e n t o f  n i t r o g e n  
r e p r e s s io n  in  Saccharomyces c e r e v i s i a e  , GS a c t i v i t i e s
w ere  be low  1 mU/mg f o r  AR2 and th e  w i ld  t y p e ,  and «
p r a t i c a l l y  u n d e te c ta b le  f o r  AR5 u n d er carb o n  l i m i t a t i o n .
These d a ta  a r e  in  ag reem en t w ith  Thom ulka and M oat ( 7 9 ) ,  
who fo u n d  GS a c t i v i t y  m in im a l in  Saccharomyces c e r e v i s i a e  
c e l l s  grown w ith  ammonia 4 mM, and m a rk e d ly  lo w e r th a n  
th e  NADPH-GDH a c t i v i t y .
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F i g u r e  3 . 3  : NADPH-GDH (<t>) and GDGAT (q ) a c t i v i t i e s  
o f  AR2 c e l l s  g r o w i n g  u n d e r  c a r b o n  l i m i t a t i o n .
D = 0 . 0 5 / h .
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F i g u r e  3 , 3 a  : NADPH-GDH (<j>) and GDGAT ( 0 ) a c t i v i t i e s  
o f  AR2 c e l l s  g r o w i n g  u n d e r  c a r b o n  l i m i t a t i o n .
D = 0 . 1  0 / h  «
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F i g u r e  3 . 3b  : NADPH-GDH (<»>) and GDGAT (Q)  a c t i v i t i e s  
of  AR2 c e l l s  growi ng under  carbon l i m i t a t i o n .
D = 0 . 1 5 / h .
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F i g u r e  3 . 3 c  : NADPH-GDH a c t i v i t y  o f  AR2
c e l l s  g r o w i n g  u n d e r  c a r b o n  l i m i t a t i o n
D = 0 . 2 0 / h .
2 0
Q}
E 1 6  --
1 2
X
Q
CD
i
X
CL
Q
<
Z
a
0
0
0  0  □ o °  °  D
40
Q □
80 120 160 200
T i m e  ( h )
F i g u r e  3 . 3 d  : NADPH-GDH a c t i v i t y  o f  AR5
c e l l s  g r o w i n g  u n d e r  c a r b o n  l i m i t a t i o n
D = 0 . 0 5 / h -
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F i g u r e  3 . 3 e  ï NADPH-GDH a c t i v i t y  o f  APS
c e l l s  g r o w i n g  u n d e r  c a r b o n  l i m i t a t i o n
D = 0 . 1 0 / h .
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F i g u r e  3 . 3 f  ; NADPH-GDH a c t i v i t y  o f  AR5
c e l l s  g r o w i n g  u n d e r  c a r b o n  l i m i t a t i o n
D = 0 . 1 5 / h .
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F i g u r e  3 . 3 g  : NADPH-GDH a c t i v i t y  o f  APS
c e l l s  g r o w i n g  u n d e r  c a r b o n  l i m i t a t i o n
D = 0 . 2 0 / h .
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F i g u r e  3 . 3 h  î NADPH-GDH ( a  ) and GOGAT ( q )  a c t i v i t i e s  
o f  ^ 1 2 7 8 b  w i l d  t y p e  c e l l s  g r o w i n g  u n d e r  c a r b o n
I i m i t a t i o n .
D = 0 . 1 5 / h .
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A t th e  t h r e e  a m m o n ia -1 im ite d  d i l u t i o n  
r a t e s  t e s t e d ,  th e  NADPH-GDH a c t i v i t i e s  w ere  s l i g h t l y  
e le v a t e d  com pared t o  th e  a c t i v i t i e s  d e te c te d  u n d e r ca rb o n  
l im i t e d  c u l t u r e s  f o r  b o th  AR2 and AR5 s t r a in s  ( F ig .  3 .4  
t o  3 . 4 e ) .  The w i ld  ty p e  was t e s t e d  o n ly  f o r  th e  d i l u t i o n  
r a t e  o f  0 .1 5 /h  ( F ig  3 . 4 f ) .  I t s  NADPH-GDH a c t i v i t y  was 
m ore th a n  5 f o l d  t im e s  lo w e r  th a n  th e  a c t i v i t i e s  f o r  AR2 
and AR5, as  e x p e c te d . These d a ta  c o n s t r a s t  w it h  L o m n itz  e t  
a l l  ( 7 6 )  who fo u n d  t h a t  u n d e r a m m o n ia - lim ite d  c u l t u r e s  
th e  GDH a c t i v i t y  f o r  a  GOGAT" s t r a in  o f  N. c r a s s a  was 
a lm o s t tw ic e  th e  a c t i v i t y  d e te c te d  f o r  th e  w i ld  ty p e  . 
B u t as  N. c r a s s a  i s  a f i la m e n to u s  f u n g i ,  m e ta b o l ic  
d i f f e r e n c e s  a r e  q u i t e  e x p e c te d .
As in  th e  e x p e r im e n ts  u n d e r ca rb o n  
l i m i t a t i o n ,  o s c i l l a t i o n s  a p p e a re d  f o r  AR2 and AR5 NADPH- 
GDH a c t i v i t i e s  and a r e  p ro b a b ly  r e la t e d  t o  th e  p la s m id  
s t a b i l i t y  as  i t  has a l r e a d y  been d is c u s s e d .
The GOGAT a c t i v i t i e s  f o r  AR2 w ere  o n ly  
s l i g h t l y  e le v a t e d  com pared t o  th e  c a rb o n  l im i t e d  
c u l t u r e s .  O b v io u s ly ,  th e  a c t i v i t i e s  d e te c te d  f o r  AR2 
w ere  a b o u t 1% o f  th e  NADPH-GDH a c t i v i t i e s ,  due t o  th e  
p re s e n c e  o f  th e  p la s m id  pCYG4.
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GOGAT a c t i v i t y  was n o t d e t e c t a b le  in  AR5 
g ro w in g  u n d e r n i t r o g e n  l im i t e d  c u l t u r e s .
F o r th e  w i ld  ty p e ,  GOGAT a c t i v i t y  was 
fo u n d  t o  be a b o u t 6% o f  th e  NADPH-GDH a c t i v i t y .
GS a c t i v i t i e s  w ere  a g a in  b e lo w  ImU/mg f o r  
AR2 and th e  w i ld  ty p e ,  and n o t d e t e c t a b le  f o r  AR6, as in  
th e  e x p e r im e n ts  r e p o r te d  in  3 . 2 . 3 .
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F i g u r e  3 . 4  ! NADPH-GDH ( j and GDGAT ( o )  a c t i v i t i e s  
o f  AR2 c e l l s  g r o w i n g  u n d e r  n i t r o g e n  l i m i t a t i o n .
D = 0 . 0 5 / h .
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F i g u r e  3 - 4 a  i NADPH-GDH (<>) and GDGAT ( q )  a c t i v i t i e s  
o f  AR2 c e l l s  g r o w i n g  u n d e r  n i t r o g e n  l i m i t a t i o n .
D = 0 . 1 0 / h .
20 T
16 <> <î>o
G
X
N
C
LU
8
0  +- 
0
o
40
o o o o o  1---------------------- o o o
80 120 160 200
Fi gur e  3 . 4b  : NADPH-GDH (<j>) and 6ÜGAT ( © )  a c t i v i t i e s  
0 f  AR2 c e l l s  growi ng under  n i t r o g e n  l i m i t a t i o n .
D = 0 . 1 5 / h .
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F i g u r e  3 , 4 c  S NADPH-GDH a c t i v i t y  o f  AR5
c e l l s  g r o w i n g  u n d e r  n i t r o g e n  l i m i t a t i o n
D = B . 0 5 / h
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F i g u r e  3 . 4 d  : NADPH-GDH a c t i v i t y  o f  AR5
c e l l s  g r o w i n g  u n d e r  n i t r o g e n  l i m i t a t i o n
D = 0 . 1 0 / h .
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F i g u r e  3 . 4 e  ; NADPH-GDH a c t i v i t y  o f  AR5
c e l l s  g r o w i n g  u n d e r  n i t r o g e n  l i m i t a t i o n .
D = 0 . 1 5 / h .
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F i g u r e  3 . 4 f  : NADPH-GDH ( a )  snd GDGAT f © )  a c t i v i t i e s  
o f  g 1 2 7 8 b  w i l d  t y p e  c e l l s  g r o w i n g  u n d e r  n i t r o g e n  
1 i m i t â t  i o n .
D -  0 . 1 5 / h .
3 .5  I n t r a c e l l u l a r  c o n c e n tr a t io n  o f  am m onia.
L -g T u ta m a te  and L -g lu ta m in e  u n d e r ca rb o n
l i m i t a t i o n
T a b le  3 .5  shows th e  a v e ra g e  c o n c e n t r a t io n s  
f o r  am m onia, g lu ta m a te  and g lu ta m in e  f o r  AR2, AR5 and th e  
w i ld  ty p e  1 1 2 7 8 b  g ro w in g  u n d er v a r io u s  d i l u t i o n  r a t e s .
A lth o u g h  t h e r e  w ere no re m a rk a b le  
d i f f e r e n c e s  betw een  th e  NADPH-GDH a c t i v i t i e s  o f  AR2 and  
AR5, th e  c o n c e n t r a t io n s  o f  g lu ta m a te  and g lu ta m in e  f o r  
AR5 (GOGAT “ ) w ere  much lo w e r th a n  th o s e  o f  AR2 .
The GS-GOGAT pathw ay has been s u g g e s te d  as  
a s c a v e n g in g  p ath w ay  f o r  ammonia a s s im i la t io n  u n d er  
n i t r o g e n  s t a r v a t i o n .  In  t h a t  case  th e  la c k  o f  t h i s  
p a th w ay  w ould  n o t  be e x p e c te d  t o  a f f e c t  th e  p r im a ry  
p ro d u c ts  o f  ammonia a s s im i la t io n  (L -g lu ta m a te  and L -  
g lu ta m in e )  in  c o n d it io n s  o f  exc e s s  o f  am m onia. H o w ever, 
in  o u r e x p e r im e n ts ,  even  u n d er such c o n d i t io n s ,  th e  
g lu ta m a te  and g lu ta m in e  p o o ls  o f  th e  s t r a in  la c k in g  GOGAT 
a c t i v i t y  w ere  o n ly  a ro u n d  40% th o s e  o f  th e  GOGAT+ s t r a i n  
(A R 2 ).
L o m n itz  e t  a l  ( 7 6 )  w o rk in g  w it h  m u ta n ts  o f  
N . c r a s s a  w h ich  la c k  GOGAT a c t i v i t y  fo u n d  t h a t  th e  
g lu ta m a te  po o l o f  th e  s t r a i n  was lo w e r com pared t o  th e  
w i ld  t y p e .  T h e re  was a ls o  a c c u m u la tio n  o f  g lu ta m in e  in  
th e  GOGAT- s t r a i n .  I t  was p ropo sed  th e n  t h a t  th e  p r im a ry
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fu n c t io n  o f  GOGAT in  N . c r a s s a  i s  th e  r e c y c l in g  o f  o r g a n ic  
n it r o g e n  fro m  g lu ta m in e  t o  g lu ta m a te ,  e n s u r in g  s u b s t r a te  
a v a i l a b i l i t y  f o r  th e  e f f i c i e n t  o p e r a t io n  o f  r e v e r s ib le  
t ra n s a m in a t io n  r e a c t io n s .  H o w ever, th e  p re s e n c e  o f  tw o  
d i f f e r e n t  mechanisms o f  g lu ta m in e  d e g ra d a t io n  
(G lu ta m in a s e  a c t i v i t y  and w -am id ase  p a th w a y ) in  
S . c e r e v i s i a e  w ould p re v e n t  th e  a c c u m u la tio n  o f  t h i s  
m e ta b o l i t e  even  f o r  th e  GOGAT” s t r a i n .
The p a r t i c i p a t i o n  o f  tw o G lu ta m in a s e s  in  
g lu ta m in e  d e g ra d a t io n  in  S . c e r e v i s i a e  has been r e p o r te d  
by S oberon and G o n za le z  ( 8 0 ) .  G lu ta m in a s e  A a p p e a rs  t o  be 
m em brane-bound, i s  th e rm o s ta b le  and has pH o p tim a  a t  7 .5  
w h ile  G lu ta m in a s e  B is  c y to p la s m ic ,  h e a t  l a b i l e  and has  
pH o p tim a  a t  8 . 1 .  T h e re  a r e  e v id e n c e s  t h a t  G lu ta m in a s e  B 
p la y s  a c e n t r a l  r o le  in  th e  r e g u la t io n  o f  th e  
i n t r a c e l l u l a r  poo l o f  g lu ta m in e ,  s in c e  th e  m u ta n t OHIO 
w hich  has an a l t e r a t i o n  in  t h i s  enzyme a c c u m u la te s  a  
la r g e  am ount o f  t h i s  am ino a c id .  The a u th o r s  a ls o  
s u g g e s te d  t h a t  G lu ta m in a s e  A m ig h t d e a l w ith  th e  
d e g ra d a t io n  o f  exogenous g lu ta m in e ,  s in c e  i t  i s  membrane 
bound. U nder m ic ro a e r o p h i1 i c  c o n d it io n s ,  p y r u v a te  
a c c u m u la te s  due t o  f e r m e n ta t iv e  p ro c e s s e s  and
G lu ta m in a s e  a c t i v i t y  i s  re p re s s e d  ( 8 1 ) .  Then an  
a l t e r n a t i v e  r o u te  o f  g lu ta m in e  u t i l i z a t i o n  may be 
a c t iv a t e d  : th e  w -am idase  p a th w a y .
The e x is te n c e  o f  th e  w -am id ase  p athw ay in  
S. c e r e v i s i a e  has been c o n firm e d  by Soberon and G o n z a le z
( 8 2 ) .  In  t h i s  pathw ay g lu ta m in e  i s  t ra n s a m in a te d  t o  y i e l d  
d i f f e r e n t  a m in o a c id s  and 2 -o x o g lu ta ra m a te  in  a r e a c t io n  
c a ta ly s e d  by G lu ta m in e  tra n s a m in a s e . Then th e  2 -  
o x o g lu ta ra m a te  fo rm ed  is  h y d ro ly s e d  in  2 - o x o g lu t a r a t e  and 
ammonia by th e  a c t io n  o f  w -a m id a s e . G lu ta m in e  
tra n s a m in a s e  a c t i v i t y  is  h ig h  in  g lu ta m in e  grown c e l l s ,  
c o n d it io n  in  w h ich  th e  i n t r a c e l l u l a r  g lu ta m in e  poo l is  
e x p e c te d  t o  be h ig h . The a u th o rs  p ropo sed  t h a t  u n d er  
c o n d it io n s  in  w h ich  p y ru v a te  a c c u m u la te s , th e  G lu ta m in a s e  
B i s  in h ib i t e d  and g lu ta m in e  i s  deg raded  th ro u g h  th e  
G lu ta m in e  tra n s a m in a s e . In  c o n d it io n s  in  w h ich  
a c c u m u la tio n  o f  p y ru v a te  is  d e c re a s e d  ( a g i t a t i o n ) ,  th e  
enzym e p a r t i c i p a t i n g  in  th e  c a ta b o lis m  o f  g lu ta m in e  w ould  
be G lu ta m in a s e  as can  be seen in  th e  d ia g ra m  b e llo w  :
2 - o x o g lu t a r a t e  + NH4 +
G lu ta m in e
w -am idase pathw ay
P y ru v a te
G lu ta m in a s e  B
G lu ta m a te  + NH4 +
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Buurman e t  a l  ( 8 3 )  have s u g g e s te d  t h a t  
c e l l s  o f  K,pneum oniae  g ro w in g  a t  pH v a lu e s  o f  4 . 5 - 5  in  
e x c e s s  o f  e x t r a c e l l u l a r  ammonia (8 0  mM) w ou ld  show th e  
p h y s io lo g y  o f  n i t r o g e n - l i m i t e d  c e l l s .  I t  has been shown 
t h a t  in  t h is  m ic ro o rg a n is m  ammonia i s  e x c e e d in g ly  m o b ile  
th ro u g h  th e  membrane . Then th e  phenomenon c o u ld  be 
e x p la in e d  by th e  r a p id  d i f f u s i o n  o f  ammonia th ro u g h  th e  
c e l l  membrane , le a d in g  t o  low  le v e ls  o f  c y to p la s m ic  
am m onia. G row th a t  pH 8 .0  r e s u l t e d  in  h ig h  GDH and  
u n d e te c ta b le  GOGAT a c t i v i t i e s  b u t  a d e c re a s e  in  th e  pH t o  
v a lu e s  below  6 le d  t o  a d e r e p re s s io n  o f  GOGAT a c t i v i t y .
The a u th o rs  s u g g e s t t h a t  th e  GS-GOGAT path w ay  is  n o t  
r e s t r i c t e d  t o  c o n d it io n s  in  w h ich  th e  e x t r a c e l l u l a r  
c o n c e n t r a t io n  o f  NH+ is  lo w .
H o w ever, i t  has  been shown t h a t  in  y e a s t ,  
th e  ammonia t r a n s p o r t  i s  m e d ia te d  by two a c t i v e  t r a n s p o r t  
sys tem s w h ich  o p e ra te  o v e r  a n a rro w  pH ra n g e  ( 5 . 5  -  7 . 5 )
( 8 4 ) ( 8 5 ) .  A t  h ig h e r  v a lu e s  o f  pH ammonia u p ta k e  is  
e s s e n t ia l l y  a d i f f u s i o n  p ro c e s s  ( 8 4 ) .  Bogonez e t  a l  have  
d e m o n s tra te d  t h a t  th e  p r e v e n t io n  o f  th e  pH in c r e a s e  in  
th e  medium r e s u l t s  in  d e c re a s e  in  i n t r a c e l l u l a r  ammonia 
c o n c e n t r a t io n  accom panied  by an in c r e a s e  in  NADPH-GDH 
a c t i v i t y  ( 8 6 ) .
In  o u r  e x p e r im e n ts ,  th e  pH was k e p t  
c o n s ta n t  a t  5 .0  by a d d i t io n  o f  0 .5 M  KOH , a  v a lu e  t h a t  
w ould  a l lo w  th e  a c t i v e  t r a n s p o r t  system s t o  f u n c t io n .  
F u r th e rm o re , th e  h ig h  le v e ls  o f  i n t r a c e l l u l a r  ammonia
92
c o n c e n t r a t io n  d e te c te d  f o r  b o th  s t r a in s  a rg u e  f o r  th e
p o s s i b i l i t y  o f  i n t r a c e l l u l a r  n i t r o g e n  l i m i t a t i o n .
A lth o u g h  th e  GS/GOGAT pathw ay has been
re g a rd e d  as a s c a v e n g in g  pathw ay t o  w ork u n d er c o n d it io n s  
o f  ammonia l i m i t a t i o n ,  a c c o rd in g  to  o u r r e s u l t s  th e  
am ount o f  g lu ta m a te  and g lu ta m in e  was h ig h e r  ( fro m  20 t o  
40% ) f o r  th e  AR2-GOGAT+ s t r a i n  th a n  f o r  th e  AR5-GOGAT”
o n e .
The i n t r a c e l l u l a r  ammonia c o n c e n tr a t io n  
f o r  AR2 and AR5 w ere  a lm o s t s i m i l a r  and h ig h e r  th a n  th e  
v a lu e s  fo u n d  f o r  th e  w i ld  ty p e  (s e e  T a b le  3 . 2 . 5 ) .  These  
r e s u l t s  a r e  in  ag ree m en t w ith  Lim a F i lh o  ( 6 )  who
s u g g e s te d  t h a t  th e  p re s e n c e  o f  th e  p la s m id  pCYG4 
in c r e a s e s  th e  am ount o f  ammonia ta k e n  up by th e  c e l l s .
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T a b l e  3 . 6
P r o te in
mg/ml
G lu ta m a te G lu ta m in e  Ammonia GDH 
um ol/m g p r o t e in  U/mg
D = 0 .0 5 /h
AR2 0 .4 0 0 .8 0 0 .2 0 4 .0 0 6 .0 0
AR5 0 .3 5 0 .3 5 0 .0 8 4 .0 0 6 .0 0
D = 0 .1 0 /h
AR2 0 .4 0 0 .7 0 0 .2 0 5 .0 0 1 0 .0 0
AR5 0 .3 5 0 .3 6 0 .0 4 4 .2 0 1 0 .0 0
D = 0 .1 5 /h
AR2 0 .4 0 1 .3 0 0 .8 0 5 .0 0 1 1 .0 0
AR5 0 .3 5 0 .8 0 0 .0 7 5 .0 0 1 0 .0 0
W il d Type 0 .3 3 0 .3 3 0 .1 1 3 .8 5 .0 0
A v e ra g e  i n t r a c e l l u l a r  m e t a b o l i t e  c o n c e n t r a t io n s  and  
NADPH-GDH a c t i v i t y  f o r  AR2, AR5 and th e  1278b W ild  Type  
g ro w in g  und er c a rb o n  l i m i t a t i o n  (0 .5 %  g lu c o s e ) ,  a t  30® C 
and pH 5 .0 .
3.2
2 . / k
-.10
".08
-.0 6
1 o 6 - 10 4
8 -
0
0 .05
o o
15
D i l u t i o n  r a t e  ( /  h )
' .0  2
25
o
F i g u r e  3 . 7 . 1  : S t e a d y - s t a t e  c o n c e n t r a t i o n s  o f
b i o ma s s  (<j>j and g r o w t h - l i m i t i n g  s u b s t r a t e  
f o r  AR2 s t r a i n  g r o w i n g  a t  d i f f e r e n t  d i l u t i o n  
r a t e s  .
GQ
3 .2 ^
1 . 6 -
8 -
0
0 05
D i l u t  i o n
O
.15 .2
r a t e  ( /  h )
-M
-.0 8
-  .0 6
\0 4
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F i g u r e  3 . 7 . 1 8  : S t e a d y - s t a t e  c o n c e n t r a t i o n s  o f  
b i o ma s s  ( g )  and g r o w t h - l i m i t i n g  s u b s t r a t e  ( 0 ) 
f o r  AR5 s t r a i n  g r o w i n g  a t  d i f f e r e n t  d i l u t i o n  
r a t e s .
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T a b le  3 .6  shows th e  a v e ra g e  v a lu e s  f o r  
am m onia, g lu ta m a te  and g lu ta m in e  f o r  AR2, AR5 and th e  
w ild  ty p e  s t r a in s  g ro w in g  u n d er n i t r o g e n  l i m i t a t i o n  a t  
th e  d i l u t i o n  r a t e s  em ployed r e la t e d  t o  th e  p r o t e in  
c o n c e n t r â t io n .
A lth o u g h  th e  am ount o f  p r o t e in  p e r  mg o f  
c e l l s  was lo w e r th a n  in  th e  e x p e r im e n ts  u n d er ca rb o n  
l i m i t a t i o n ,  th e  g lu ta m a te  and g lu ta m in e  l e v e ls  w ere  much 
h ig h e r  f o r  b o th  s t r a in s .
I t  has been shown ( 8 7 )  t h a t  S . c e r e v i s i a e  
has tw o c la s s e s  o f  m echanism  f o r  t r a n s p o r t in g  am ino a c id s  
a c ro s s  th e  p lasm a m em brane. T h e re  i s  a g e n e ra l a m in o -a c id  
perm ease (GAP) w h ich  t r a n s p o r t s  a l l  b a s ic  and n e u t r a l  
am ino a c id s ,  b u t p r o l in e .  S . c e r e v i s i a e  can a ls o  
s y n th e s iz e  a ran g e  o f  a t  l e a s t  11 t r a n s p o r t  sys tem s each  
o f  w h ich  is  s p e c i f i c  f o r  a s m a ll number o f  am ino a c id s .  I
G renson e t  a l .  ( 8 8 )  showed t h a t  n i t r o g e n  s t a r v a t io n  
r e s u l t s  in  a m arked in c r e a s e  in  g e n e ra l a m in o a c id  
perm ease a c t i v i t y ,  w h at c o u ld  e x p la in  th e  in c re a s e d  am ino  
a c id  c o n c e n tr a t io n  we fo u n d  u n d e r n i t r o g e n  l i m i t a t i o n .  
F u r th e rm o re , Woodward and C i r i l l o  ( 8 9 )  d e s c r ib e d  th e  f a t e  
o f  am ino a c id s  a c c u m u la te d  u n d e r th e s e  c o n d it io n s .  The  
w o rk e rs  p o s tu la te d  th e  e x is te n c e  o f  a s a lv a g e  pathw ay
t-iA .ÎA &A •'•'■a; 3 A A > ' i . a'a AAA
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o r i g i n a l l y  shown t o  e x i s t  in  c e l l - f r e e  e x t r a c t s  o f  |
S . c e r e v i s i a e  by S e n th esh an -M u g h a n a th an  ( 9 0 ) .  The p athw ay  
i n v o lv e s  t r a n s a m in a t io n  o f  an amino a c id  t o  y i e l d  i t  -  
k e t o  d e r i v a t i v e .  D e c a r b o x y la t io n  y i e l d s  an a ld e h y d e  t h a t  
i s  red u ced  t o  a p r im a r y  a lc o h o l  o r  f u s e l  o i l  i n  an NADH- 
l i n k e d  r e d u c t io n .
Y e a s t  c e l l s  can em ploy r a t h e r  d r a s t i c  
m easures  t o  scavenge  u s a b le  n i t r o g e n  in  t h e  f a c e  o f  a 
d im in is h e d  e x t e r n a l  n u t r i e n t  s u p p ly ,  l i k e  t h e  t u r n o v e r  o f  
p r e v i o u s l y  s y n th e s is e d  c o n s t i t u e n t s  o r  t h e  u t i l i s a t i o n  o f  
t h e  c e l l  v a c u o le s  ( 8 7 ) ,  ( 9 1 ) ,  ( 9 2 ) .
V a c u o le s  o f  S , c e r e v i s i a e  c o n t a in  a v a r i e t y  |
o f  h y d r o la s e s  such as  p r o t e a s e s ,  g ly c o s id a s e s ,  n u c le a s e s  
and p h o sp h a tase s  ( 9 3 ) .  S u b s t a n t ia l  amounts o f  a l l  c l a s s e s  
o f  am ino a c id s  w ere  a s s o c ia te d  w i t h  v a c u o le s  o f
S . c e r e v i s i a e ,  and t h e  a s s o c i a t i o n  depended upon t h e  
s t r a i n ,  t h e  medium and t h e  n u t r i t i o n a l  s t a t u s  o f  t h e  
o rg a n is m . ( 9 4 ) ,  The K# f o r  t r a n s p o r t  o f  am ino a c id s  by 
v a c u o la r  membrane v e s i c l e s  o f  S . c e r e v i s i a e  i s  h ig h e r  by  
tw o  o r  t h r e e  o r d e r s  o f  m a g n itu d e  th a n  t h e  c o r r e s p o n d in g  
p lasm a membrane sys tem  ( 9 5 ) .  Then, in  c o n d i t io n s  o f  
n i t r o g e n  l i m i t a t i o n ,  t h e  use o f  amino a c id s  s t o r e d  in  
v a c u o le s  a s s o c ia t e d  t o  h y d r o ly s is  o f  non e s s e n t i a l  
p r o t e i n s  w ould p r o v id e  t h e  n e c e s s a ry  amount o f  am ino  
a c id s  f o r  t h e  c e l l  t o  c o n t in u e  i t s  v i t a l  c y c l e .
The amount o f  g lu ta m a te  and g lu t a m in e  f o r  
t h e  GOGAT+ s t r a i n  (A R 2) was a g a in  h ig h e r  th a n  f o r  t h e
, . ' S,'.-.- .. A _ _ _ _ _ - i - .  “- ' I .  A  ^  - 4 * 1 . '  '
A
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GOGAT- one (A R 5 ) .  Kusnan ejt ( 9 6 )  w o rk in g  w i t h
A . n i d u l a n s  g ro w in g  und er low c o n c e n t r a t io n s  o f  ammonia (2  
mM ammonium s u l p h a t e )  fo u n d  t h a t  a b o u t  h a l f  o f  t h e
g lu ta m a te  was s y n th e s iz e d  v i a  t h e  NADPH-GDH pathw ay and  
t h e  o t h e r  h a l f  was fo rm ed  fro m  g lu ta m in e  v i a  th e
g lu t a m a te  s y n th a s ^  p a th w ay . The a u th o r s  w orked w i t h  |
[1 ®N]ammonia, and th e y  e s t im a te d  t h a t  a b o u t  42% o f  th e
new a s s i m i l a t e d  ammonia was f i x e d  i n t o  th e  am ide group  o f  
g lu t a m in e .  52% o f  t h e  t o t a l  g lu ta m a te  was fo rm ed  v i a  t h e  4
GOGAT pathw ay  fro m  r e c e n t l y  s y n th e s iz e d  g lu ta m in e  and 48% 
v i a  t h e  NADPH-GDH one . I n  o u r  e x p e r im e n ts  we fo u n d  a  
l a r g e r  amount o f  g lu ta m a te  and g lu ta m in e  f o r  t h e  GOGAT+ 
s t r a i n  e i t h e r  u n d er  ca rb o n  o r  n i t r o g e n  l i m i t a t i o n .  These  
c o u ld  i n d i c a t e  a  more im p o r ta n t  r o l e  f o r  t h e  GS/GOGAT 
pathw ay  th a n  a s e c o n d ary  pathw ay t o  f u n c t i o n  o n ly  under  
n i t r o g e n  s t a r v a t i o n .
As i t  can be seen  in  t a b l e s  3 . 2 . 5  and
3 . 2 . 6 ,  t h e  NADPH-GDH a c t i v i t i e s  f o r  b o th  s t r a i n s  were  
h ig h e r  u n d e r  n i t r o g e n  l i m i t a t i o n  th a n  u n d er  carbon  
l i m i t e d  c o n d i t i o n s .  On t h e  o t h e r  hand, t h e  ammonia 
c o n c e n t r a t i o n s  w ere  h ig h e r  u n d e r  ca rb o n  l i m i t a t i o n  th a n  
u n d er  n i t r o g e n  l i m i t a t i o n .  These r e s u l t s  a r e  in  agreem ent  
w i t h  t h e  f i n d i n g s  o f  o t h e r  r e s e a r c h e r s  ( 8 6 ) ,  ( 9 7 ) ,  ( 9 8 ) ,  
t h a t  t h e  a c t i v i t y  o f  NADPH-GDH i s  d e c re a s e d  und er  
c o n d i t io n s  i n  w h ich  i n t r a c e l l u l a r  ammonia c o n c e n t r a t io n  
i n c r e a s e s .  D u r in g  ammonia a c c u m u la t io n  t h e r e  i s  a  
r e p r e s s io n  o f  s y n t h e s is  w i t h  l i t t l e  d e g r a d a t io n .
I
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T a b l e  3 . 6
P r o t e in
mg/ml
G lu ta m a te G lu ta m in e  Ammonia GDH 
umol/mg p r o t e i n  U/mg
D = 0 . 0 5 / h
AR2 0 .0 8 1 .6 0 0 .2 5 1 .5 0 9 .0 0
AR5 0 .0 8 0 .5 0 0 ,1 4 1 .4 0 9 .0 0
D = 0 . 1 0 / h
AR2 0 .0 8 1 .8 0 0 .2 5 1 .5 0 1 4 .0 0
AR5 0 . 0 8 0 . 6 0 0 . 1 5 1 .4 0 1 2 .0 0
D = 0 . 1 5 / h
AR2 0 .0 8 2 .0 0 0 .2 5 1 .6 0 1 5 .0 0
AR5 0 .0 8 0 .6 5 0 . 1 8 1 .6 0 1 4 .0 0
W il d Type 0 .0 7 1 .3 0 . 2 1 .5 0 6 .0 0
A v e ra g e  i n t r a c e l l u l a r  m e t a b o l i t e s  c o n c e n t r a t io n s  and 
NADPH-GDH a c t i v i t y  f o r  AR2, AR5 and th e  1278b W i ld  Type  
c e l l s  grow ing  un d er n i t r o g e n  l i m i t e d  c u l t u r e s  (2  mM 
ammonia s u lp h a t e )  a t  30® C and pH 5 . 0 .
%3 . 7  Biomass Growth
3 . 7 . 1  Carbon L i m i t a t i o n
Under s t e a d y - s t a t e  c o n d i t i o n s ,  c e l l  
c o n c e n t r a t i o n  i s  d e s c r ib e d  by t h e  f o l l o w i n g  e q u a t io n  :
X = Y ( S r  -  s )
Where
X = c e l l  c o n c e n t r a t io n
S r  = o r i g i n a l  s u b s t r a t e  c o n c e n t r a t io n
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s = r e s i d u a l  s u b s t r a t e  c o n c e n t r a t io n  
Y = Y i e l d  f a c t o r  ( a  d im e n s io n le s s  c o n s t a n t ) .
I
The g ro w th  y i e l d  i s  e x p re s s e d  by t h e
q u o t i e n t  : Y = x /  S r  , w here  x i s  t h e  b iom ass
c o n c e n t r a t i o n  e q u i v a l e n t  t o  t h e  u t i l i z a t i o n  o f  s u b s t r a t e  |
( S r  -  s ) .  I t  i s  im p o r ta n t  as  an e x p r e s s io n  o f  t h e
q u a n t i t a t i v e  n u t r i e n t  r e q u ir e m e n t  o f  an o rg a n is m  ( 4 5 ) .
T a b le  3 . 7 . 1  shows t h e  v a lu e s  o f  b iom ass
f o r  AR2 , AR5 and ^ 1278b w i l d  t y p e  g ro w in g  u n d er  
c a rb o n  l i m i t a t i o n  a t  d i f f e r e n t  d i l u t i o n  r a t e s .  The v a lu e s  
o f  g lu c o s e  c o n c e n t r a t io n s  i n s i d e  t h e  f e r m e n t e r  ( s )  w i t h  
y i e l d  a t  each d i l u t i o n  r a t e  a l s o  a p p e a r  in  t h e  T a b le .  As
" a-,",'- :
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i t  can be s e e n , a t  e v e r y  d i l u t i o n  r a t e  AR5 showed a lo w e r  
am ount o f  c e l l s  p e r  ml compared t o  AR2.
The lo w e r  b iom ass a t  D = 0 . 0 5 / h  f o r  b o th  
AR2 and AR5 s t r a i n s  i s  e x p la in e d  by t h e  r e q u ir e m e n t  o f  an  
e n e rg y  o f  m a in te n a n c e  w h ich  i s  more a p p a r e n t  a t  v e ry  low  
d i l u t i o n s .  The b iom ass was c o n s ta n t  a t  d i l u t i o n  r a t e s  o f  
0 . 1 0  and 0 . 1 5 / h ,  how ever a t  0 . 2 0 / h  t h e r e  was a d e c re a s e  
i n  b io m ass . T h is  i s  e x p la in e d  because D = 0 . 2 0 / h  i s  v e r y  
c lo s e d  t o  t h e  u*ax o f  t h e  s t r a i n s  o c u r r in g  wash o u t  o f  
c e l l s  w i t h  a r i s i n g  in  t h e  r e s i d u a l  s u b s t r a t e  
c o n c e n t r a t i o n  ( s ) .
I t  has been r e p o r t e d  by R a ch er  ( 5 4 )  who 
c o n s t r u c t e d  t h e  AR2 and AR5 s t r a i n s ,  t h a t  b o th  g ro w in g  on 
b a tc h  c u l t u r e  w i t h  20 mM ammonia had s i m i l a r  f i n a l  
d e n s i t i e s .  H ow ever, b a tc h -g r o w th  i s  s u b je c te d  t o  changes  
in  s u b s t r a t e  c o n c e n t r a t io n s  and pH, w h ich  c o u ld  le a d  t o  
d i f f e r e n t  r e s u l t s  f ro m  th o s e  w i t h  c h e m o s ta t ic  c u l t u r e s .
As was a l r e a d y  p o in t e d  o u t  i n  t h i s
r e s e a r c h ,  t h e  GS/GOGAT pathw ay  has been s u g g e s te d  t o  be a  
s c a v e n g in g  pathw ay t o  f u n c t i o n  und er c o n d i t io n s  o f  
n i t r o g e n  l i m i t a t i o n .  I n  t h a t  c a s e  t h i s  pa thw ay  w ould  
p r o b a b ly  n o t  be n e c e s s a ry  u n d e r  c a rb o n  l i m i t a t i o n ,  w here  
we f i n d  an e x c e s s  o f  ammonia. And a ls o  t h e  e n e rg y  saved  
p e r  ammonia a s s i m i l a t e d  by t h e  GOGAT- s t r a i n  c o u ld  be 
used in  t h e  f o r m a t io n  o f  more b iom ass . H ow ever, o u r  
r e s u l t s  un d er c a rb o n  l i m i t a t i o n  showed t h a t  t h e  GOGAT*
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s t r a i n  (AR2) and t h e  w i l d  t y p e  had t h e  same Y i e l d  f a c t o r  
f o r  D = 0 . 1 5 / h ,  and t h e  same c e l l  c o n c e n t r a t i o n . ,  w h i l e  
t h e  GOGAT- (AR5) had a lo w e r  Y i e l d  and lo w e r  c e l l  
c o n c e n t r a t i o n  .
As has a l r e a d y  been d is c u s s e d  ( 2 . 3 . 5 ) ,  t h e  
amount o f  g lu ta m a te  and g lu ta m in e  w ere  a ls o  lo w e r  u n d er  
t h e  same c o n d i t io n s  f o r  t h e  GOGAT- s t r a i n .
A c c o rd in g  t o  o u r  r e s u l t s ,  t h e  la c k  o f  t h e  
GOGAT pathw ay d id  n o t  have any b e n e f i c i a l  e f f e c t  on t h e  
b iom ass Y i e l d  und er c a rb o n  l i m i t a t i o n .  On t h e  c o n t r a r y ,  
t h e  l a c k  o f  th e  pathw ay r e s u l t e d  in  a d e c re a s e  in  t h e  
i n t r a c e l l u l a r  c o n c e n t r a t io n  o f  g lu ta m a te  and g lu ta m in e  
and a l s o  a d e c re a s e  in  t h e  biom ass c o n c e n t r a t i o n ,  
com pared t o  t h e  w i l d  t y p e .
%T a b l e  3 . 7 . 1
c e l l s
mg/ml
g lu c o s e
mg/ml
Y
D = 0 . 0 5 / h
AR2 3 . 0 0 .0 2 0 . 6 0
AR5 1 .5 0 .0 2 0 . 3 0
D = 0 . 1 0 / h
AR2 3 . 5 0 .0 2 0 . 7 0
AR5 2 . 0 0 . 0 2 0 . 4 0
D = 0 . 1 5 / h
AR2 3 . 5 0 . 0 2 0 .7 0
AR5 2 . 0 0 . 0 2 0 . 4 0
W i ld  Type 3 . 0 0 .0 2 0 . 6 0
D = 0 . 2 0 / h
AR2 2 . 5 0 . 0 4 0 . 5 0
AR5 1 .0 0 . 0 6 0 . 2 0
The d a t e  w ere  o b t a in e d  fro m  e x p e r im e n ts  w i t h  t h e  s t r a i n s  
g ro w in g  u n d er  c a rb o n  l i m i t a t i o n  (g lu c o s e  0 .5 % )  a t  30® C 
and pH 5 . 0 .
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T a b le  3 . 7 . 1 a  shows th e  r e s u l t s  f o r  AR2 and  
AR5 s t r a i n s  g row ing  u n d er  n i t r o g e n  l i m i t a t i o n  f o r
d i l u t i o n  r a t e s  o f  0 . 0 5 ,  0 . 1 0  and 0 . 1 5 / h ,  and f o r  t h e  W i ld
Type u n d er  t h e  same c o n d i t io n s  f o r  t h e  d i l u t i o n  r a t e  o f
0 . 1 5 / h .
As i t  can be se e n , t h e  b iom ass
c o n c e n t r a t i o n  was t h e  same f o r  bo th  e n g in e e r e d  s t r a i n s  
f o r  e v e r y  d i l u t i o n  r a t e ,  and a ls o  s i m i l a r  t o  t h e  c e l l
c o n c e n t r a t i o n  o f  W ild  Type s t r a i n  under D = 0 . 1 5 / h .
The e x t r a c e l l u l a r  ammonia c o n c e n t r a t i o n
was n o t  d e t e c t a b l e  in s i d e  th e  f e r m e n t e r .  T h is  t o g e t h e r
w i t  t h e  h ig h  g lu c o s e  c o n c e n t r a t io n s  in  t h e  c u l t u r e s  i s
s t r o n g  e v id e n c e  t h a t  ammonia i s  t h e  l i m i t i n g  s u b s t r a t e .
A lth o u g h  t h e  biomass l e v e l  was t h e  same
f o r  t h e  t h r e e  s t r a i n s ,  t h e  shape o f  th e  c e l l s  was n o t .
P i c t u r e s  1 t o  6 show c e l l s  o f  AR2, AR5 and t h e  W i ld  Type  
grown un d er carbo n  o r  n i t r o g e n  l i m i t a t i o n ,  AR2 and t h e  
W ild  Type showed rounded shaped c e l l s  u n d e r  b o th
c o n d i t i o n s .  However, AR5 showed rounded c e l l s  u n d e r  
ca rb o n  l i m i t a t i o n  b u t  an e l l i p s o i d a l  fo rm  u n d er  n i t r o g e n  
l i m i t e d  c u l t u r e s  (S ee  p i c t u r e s  3 . 7  t o  3 . 7 e ) .
Changes in  t h e  shape o f  t h e  y e a s t  c e l l s
may be r e l a t e d  t o  d i f f e r e n t  f a c t o r s  l i k e  membrane
102
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c o m p o s i t io n ,  amino a c id  c o n c e n t r a t io n ,  s t a r v a t i o n  o f  some 
n u t r i e n t ,  e t c .  ( 9 9 ) ,  ( 1 0 0 ) .
I t  has been r e p o r t e d  ( 1 0 1 )  t h a t  c e l l s  o f  
T . v a r i a b i l i s  a p p ear  i n  a  t r i a n g u l a r  fo rm  when grown in  
t h e  p re s e n c e  o f  m e th io n in e  b u t  in  th e  absence o f  t h i s  
am ino a c id  e l l i p s o i d a l  shaped c e l l s  a r e  p ro d u c e d . C e l l s  
o f  S , c e r e v i s i a e  PLA 851 w ere founded  t o  change t h e i r  s i z e  
and shape when grown und er d i f f e r e n t  te m p e r a tu r e s  ( 1 0 2 ) .
As t h e  enzymes o f  ammonia a s s i m i l a t i o n  a r e  
i n  t h e  i n t e r f a c e  betw een th e  carbo n  and n i t r o g e n  
m e ta b o l is m , i t  may be t h a t  t h e  GOGAT pathw ay i s  r e l a t e d  
t o  t h e  m a in te n a n c e  o f  any o f  t h e  i n t e r m e d ia t e  o f  th e  
K rebs c y c le ,  w hich was n o t  t e s t e d  in  t h i s  r e s e a r c h .
H o w ever, t h e  low b iom ass c o n c e n t r a t io n  o f  t h e  GOGAT' 
s t r a i n  und er carbo n  l i m i t a t i o n  t o g e t h e r  w i t h  t h e  change  
in  t h e  shape o f  t h e  c e l l s  und er n i t r o g e n  l i m i t a t i o n ,  
s u g g e s t  a more im p o r ta n t  r o l e  th a n  j u s t  a s c a v e n g in g  <
pathw ay  f o r  t h e  GOGAT sys tem .
1
. Agi / I- k J- '
T a b l e  3 . 7 . 1 a
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c e l l s
mg/ml
g lu c o s e
mg/ml
Y
D = 0 . 0 5 / h
AR2 1 . 4 0 . 2 0 .0 7
AR5 1 .4 0 . 2 0 .0 7
D = 0 . 1 0 / h
AR2 1 .4 5 0 . 2 0 .0 7
AR5 1 .4 5 0 . 2 0 .0 7
D = 0 . 1 5 / h
AR2 1 .4 5 0 , 2 0 .0 7
AR5 1 .4 5 0 . 2 0 .0 7
W i ld  Type 1 .4 5 0 . 2 0 .0 7
The d a t a  w ere  o b t a in e d  f ro m  e x p e r im e n ts  w i t h  AR2, AR5 and  
t h e  W i ld  Type g ro w in g  on n i t r o g e n  l i m i t a t i o n  (2  mM 
Ammonium S u l p h a t e ) ,  a t  30® C and pH 5 . 0 .
P i c t u r e  3 .7  -  AR2 c e l l s  g ro w in g  u n d er  carb o n  l i m i t a t i o n .
P i c t u r e  3 . 7 a  -  AR2 c e l l s  g row ing  u n d er  n i t r o g e n
1 i m i t a t i o n .
P i c t u r e  3 .7 b  -  AR5 c e l l s  g ro w in g  u n d er  carb o n  l i m i t a t i o n .
P i c t u r e  3 . 7 c  -  AR6 c e l l s  g ro w in g  u n d er  n i t r o g e n
1 i m i t a t i o n .
P i c t u r e  3 .7 d  -  ^ 1278b w i l d  t y p e  c e l l s  g ro w in g  un d er
c a rb o n  l i m i t a t i o n .
P i c t u r e  3 . 7e -  < 1278b w i l d  t y p e  c e l l s  g ro w in g  und er
n i t r o g e n  l i m i t a t i o n .
;
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4 .  CONCLUSIONS
The s p e c i f i c  o b j e t i v e s  o f  t h i s  r e s e a r c h  
w ere  t o  d is c o v e r  w h e th e r  t h e  e l i m i n a t i o n  o f  t h e  GS-GOGAT 
pathw ay  w ould  r e s u l t  in  im proved y i e l d  f o r  S . c e r e v i s i a e  , 
due t o  th e  e l i m i n a t i o n  o f  a  more e n e r g e t i c  pathw ay t o  
a s s i m i l a t e  ammonia.
The a c c e p te d  v ie w  i s  t h a t  NADPH-GDH i s  t h e  I
p r im a r y  r o u t e  f o r  ammonia a s s i m i l a t i o n  w i t h  a m in o r  |
c o n t r i b u t i o n  o f  GS-GOGAT p a th w a y , w h ich  w ould  work m a in ly  
i n  c o n d i t io n s  o f  n i t r o g e n  s t a r v a t i o n .  I n  o u r  e x p e r im e n ts ,  
we fo u n d  t h a t  un d er carbo n  l i m i t a t i o n  t h e  GOGAT+ s t r a i n  
had a  h ig h e r  y i e l d  f o r  g lu c o s e  th a n  t h e  GOGAT-, r e s u l t i n g  
in  h ig h e r  b iom ass l e v e l .  As t h e  enzymes o f  ammonia 
a s s i m i l a t i o n  a r e  in  t h e  i n t e r f a c e  o f  n i t r o g e n /g lu c o s e  
m e ta b o l is m ,  we fo u n d  e v id e n c e  t h a t  t h i s  GS-GOGAT pathw ay  
has a r o l e  i n  t h e  m a in te n a n c e  o f  t h e  c e l l u l a r  m e ta b o l is m  
r a t h e r  th a n  a m in o r  r o l e  in  ammonia a s s i m i l a t i o n  un d er  
c o n d i t io n s  o f  n i t r o g e n  s t a r v a t i o n .  Under n i t r o g e n  
l i m i t a t i o n ,  GOGAT" c e l l s  changed t h e i r  s h a p e ,  p r o b a b ly  
due t o  changes in  t h e  c e l l u l a r  membrane c o m p o s i t io n .
NADPH-GDH a c t i v i t y  f o r  b o th  s t r a i n s  
in c r e a s e d  w i t h  g ro w th  r a t e .  T h e re  was no i n h i b i t i o n  o f  1
NADPH-GDH a c t i v i t y  und er  n i t r o g e n  l i m i t a t i o n .
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O s c i l l a t i o n s  fo u n d  in  enzyme a c t i v i t i e s  
w ere  a consequence o f  a m ixed c u l t u r e  ( t h e  p re s e n c e  o f  
c e l l s  w i t h  p la s m id  and c e l l s  w i t h o u t  p l a s m i d ) ,  c o n f i rm e d  
by o s c i l l a t i o n s  i n  p e n i c i l l i n a s e  a c t i v i t y .
GOGAT a c t i v i t y  was o n ly  s l i g h t l y  h ig h e r  in  
AR2 c e l l s  g ro w in g  un d er n i t r o g e n  l i m i t a t i o n  th a n  carb o n  
l i m i t e d  medium.
I’■I
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5. SUMMARY
I n  o r d e r  t o  i n v e s t i g a t e  th e  e f f e c t  o f  t h e  
e l i m i n a t i o n  o f  GOGAT a c t i v i t y  i n  S . c e r e v i s i a e ,  t h e  poo l  
s i z e s  o f  ammonia, g lu ta m a te  and g lu ta m in e  p lu s  t h e  
s p e c i f i c  a c t i v i t i e s  o f  t h e  enzymes in v o lv e d  in  ammonia  
a s s i m i l a t i o n  w ere  d e te r m in e d  f o r  two g e n e t i c a l l y  
e n g in e e r e d  s t r a i n s  (AR2 and AR6) and an h a p lo id  w i l d  t y p e  
( i  1 2 7 8 b ) .  AR2 and AR5 s t r a i n s  c a r r y  t h e  p la s m id  pCYG4 
w h ic h  d i r e c t s  a b o u t  5 f o l d  more NADPH-GDH a c t i v i t y  th a n  
w i l d  ty p e  c e l l s .  AR5 s t r a i n  i s  a d o u b le  m u ta n t ,  w h ic h  
l a c k s  GOGAT a c t i v i t y .
The s t u d i e s  w ere  c a r r i e d  o u t  u s in g  a  
m i c r o p r o c e s s o r - c o n t r o l l e d  f e r m e n t e r  (PCS) w hich  has t h e  
f o l l o w i n g  f e a t u r e s  :
-  3 M a in  Boards ( C e n t r a l  P r o c e s s o r  B o ard , Memory Board  
and A n a l o g / D i g i t a l  -  ON/OFF S w i tc h  B o a r d ) .
-  4  A u x i l i a r y  Boards (p H , O xygen, T e m p e ra tu re  and Biomass  
I n t e r f a c e  B o a r d s ) .
-  A c o n n e c t io n  b lo c k  t o  l i n k  t h e  PCS w i t h  t h e  v id e o  
t e r m i n a l ,  w i t h  s e n s o rs  f ro m  t h e  f e r m e n t e r ,  w i t h  a c o n t r o l  
box and w i t h  o t h e r  m ic ro c o m p u te r .
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AR2 and AR5 showed lo w e r  v a lu e s  o f  maximum
s p e c i f i c  g ro w th  r a t e s  th a n  t h e  w i l d  t y p e ,  d e te rm in e d
e i t h e r  by b a tc h  mode o r  by w ashout k i n e t i c s .  The  
r e d u c t i o n  in  t h e  g ro w th  r a t e  f o r  AR2 and AR5 can be
r e l a t e d  t o  t h e  added m e t a b o l ic  lo a d s  due t o  t h e  p la s m id  
encoded  g en es .
Under ca rb o n  l i m i t a t i o n  t h e r e  w ere  no 
r e m a r k a b le  d i f f e r e n c e s  betw een t h e  NADPH-GDH a c t i v i t i e s  
o f  AR2 (GOGAT+) and AR5 (GO GAT*). H ow ever, t h e
c o n c e n t r a t i o n s  o f  g lu ta m a te  and g lu ta m in e  f o r  AR2 w ere  
h i g h e r  ( f r o m  20 t o  40  %) th a n  th o s e  o f  AR5. The l a c k  o f
t h e  GOGAT a c t i v i t y  a l s o  r e s u l t e d  in  a  d e c re a s e  in  t h e
b iom ass c o n c e n t r a t io n  f o r  AR5 compared t o  t h e  GOGAT+ 
s t r a i n s .
Under n i t r o g e n  l i m i t a t i o n  NADPH-GDH
a c t i v i t i e s  w ere  h ig h e r  and i n t r a c e l l u l a r  ammonia
c o n c e n t r a t i o n s  lo w e r  th a n  u n d e r  carb o n  l i m i t e d  
c o n d i t i o n s .  The i n t r a c e l l u l a r  c o n c e n t r a t io n s  o f  g lu ta m a te  
and g lu t a m in e  w ere  h ig h e r  f o r  t h e  GOGAT+ s t r a i n  th a n  f o r  
t h e  GOGAT* o ne . A l th o u g h  t h e  b iom ass l e v e l  was t h e  same 
f o r  t h e  t h r e e  s t r a i n s ,  AR5 (GOGAT*) c e l l s  changed fro m  
round ed  t o  e l l i p s o i d a l  fo rm  u n d e r  n i t r o g e n  l i m i t e d  
c o n d i t i o n s .
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O s c i l l a t i o n s  w ere  p r e s e n t  in  t h e  NADPH-GDH 
a c t i v i t i e s  o f  AR2 and AR5 s t r a i n s  g ro w in g  u n d er  c a rb o n ' i
and n i t r o g e n  l i m i t e d  m e d ia .  They a r e  p r o b a b ly  due t o  
s e g r e g a t io n a l  i n s t a b i l i t y  o f  t h e  p la s m id  pCYG4 in  th e s e
Im ic ro o rg a n is m s .
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